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PREFACE TO THE SECOND EDITION 


The fine reception given to “Short Answers And Objective Type: 
Questions In Physics” in past years has been most encouraging. To 
enhance the readability and helpfulness of this revised edition, not 
only many stimulating questions have been added but also every 
sentence of the previous edition has been read and pondered over in. 
the light of following questions : 


(i) Is this still true ? 
(ii) Is it still important ? 
(iii) Can this be said more clearly ? 
Consequently some explanatory material has been either shifted to. 


footnotes or written within brackets so that the answers become 
more precise and to the point. s 


The author will feel amply rewarded if the students, after read- 
ing this book, begin to take a genuine interest in the subject and 
develop the skill of applying basic principles of Physics to-new and 
challenging situations. 


November, 1975 B.L. SHARMA, 


PREFACE TO THE FIRST EDITION 


The trends of public as well as competitive examinations are 
rapidly changing. In the First Paper-Setters’ Workshop held at 
Kanpur in October 1968, the Central Board of Secondary Education, 
New Delhi decided that instead of depending upon essay type and 
routine stereo-type questions, stress should be laid on setting more 
and more objective, matching, multiple-choice and short-answer type 
questions to achieve an effective and better-coverage of the:entire 
syllabus. To avoid sudden departure from tradition, the Board: ~ 
permitted this intervening transitional period of four years in some 
subjects. But with effect from the examination of 1973, in every 
question paper the objective type and short answer type questions. 
will carry a minimum weightage of 50% to bring the characteristics 
of validity, reliability, objectivity and usability in a Question Paper 
in order to test knowledge, understanding, applications, skills and 
attitudes of the candidates. This is clear from the Extacts ‘given 
below) from the REVISED AND ELABORATED INSTRUC- 
TIONS FOR THE GUIDANCE OF PAPER-SETTERS for the 
All-India Higher Secondary, Delhi Higher Secondary, One-Year 
Higher Secondary, Multi-purpose Higher Secondary, Technical 
Higher Secondary and Chandigar h Higher Secondary Parts I and II 
Exa inations of 1973 sent by the Secretary, Central Board of 
Se nda Education, New Delhi to all ihe Heads of Affiliated Insti-- 
secon aig Letter No. 25237 -26063/C, dated 6th October, 1972 : 


(vi) 


The question-paper should cover, as far as possible, the whole 
range of topics mentioned in the syllabus. The coverage should 
not only be comprehensive but also well balanced by spreading 
the questions on all significant topics and sub-topics prescribed 
for study. 


About half of the questions should be set to test higher abilities, 
such as understanding/comprehension, application of knowledge 
and development of skills. For this purpose, the questions should 
be setin the context of a new situation rather than to givea 
routine stereo-typed answer. 

Each question should be set on specific aspects of a topic rather 
than making it a general question which admits a large varia- 
tion in the content of expected answer As far as possible, the 
maximum lengih of the expected answer should be préscribed. 


Essay-Type Questions : Special efforts should be made to 
make each cssay-type question more specific and pointed in 
scope by avoiding ambiguous directions and by splitting the 
question into small units and alloting specific marks for the 
sub-unils. 

Short-Answer Questions: For adequate coverage of the 
entire syllabus, a large number of short-answer questions are 
to be set. This will improve the reliability of the examination 


by reducing the subjectivity of marking inherent in essay-type 
questions. 


“he range of response to short-answer questions may vary from 
one or two lines to a paragraph or two. The expected length 
of the answer should be indicated in each question. 

About half (i.e. 50%) of the maximum marks available for a 
question-paper should be allotted to short-answer questions. 
Objective-Type Questions : Unless otherwise mentioned in 
the syllabus, there should be at least one question of the objec- 
tive type in each question-naper. The relevant question (s) 
should be made compulsory for all the candidates, 

Marks allotted to such question(s) should by 10—15% of the 
total marks allotted to the question- paper, 4 

The objective-type question (s) should not be confined to only 
one topicbut should cover as wide a syllabus as possible. No 
part of such a question should carry more than one mark. 

The formation of the objective-type question(s) could be of the 


Recall, Selection, Multiple Choice, Matchi tion, etc. 
type but not “YES and No” type. ey ey 


m npara quotes : No unqualified choice like “Do any five 
sons or “Do any two questions from E is to be 
provided to the candidaies. 3 as fa 


igs ir my should be restricted to the internal options 
1e questions on the sa j i i 
eens me major topic or sub-topic of 


January, 1973. B-L. SHARMA 
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Part [—Mechanics 


Concise Mechanics 


1. The study of Physics deals with two things only—matter and 
‘energy and their interaction, keeping always in view the time and 
space. 

2. Whatever can be judged and detected with the help of one 


or more of our five senses is termed as matter. Matter is the vehicle 
of energy. Energy cannot exist except in connection with matter. 


The force of attraction that binds the molecules of the same 
substance or kind is called the force of cohesion while the force 
of attraction that binds the molecules of different kinds or substances 
is called the force of adhesion. 

3. Unit is a definite and convenient measure with the help of which 
we can measure various quantities of similar type. 

Every unit should be such that it can be easily reproduced and 
is adopted by all in their dealings. 

4. C.G.S. (or French or Metric or Decimal) and F.P.S. (or British) 
Systems are two, more prevalent systems of units commonly em- 
ployed in scientific measurements. 

C.G.S. system is more convenient than F.P.S, system. 


For engineering purposes, units under M.K.S. or S.I. (Inter- 
national System) are employed. 
5. Fundamental Units: These are the units of length, mass and 
time which are independent of one another and form the basis of 
units of all other quantities. 

There are only five absolute fundamental units which are 
:cm., foot, gm., lb. and second. All other multiples and sub-multiples 
-of these five units are called practical fundamental units. 


6. Derived Units: All other units, except those of length, mass 
‘and time*, are called derived units since they can be expressed in 
terms of the fundamental units. Dimensions of some physical quan- 
tities (temperature, electricity, etc.) cannot be given in terms of mass, . 
length and time alone. 

Absolute derived units are those which are derived with the 
help of absolute fundamental units. 

Similarly, practical derived units are those which are derived 
with the help of practical fundamental units. 


*A unit of time equal to-one million years is called a cron. 
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7. The shortest distance which can be correctly measured by a 
vernier callipers is called its least count or vernier constant. 
(=1 S.D.—1 V.D. generally). 


The linear distance through which a screw moves in one 
complete revolution of the screw head of an instrument is called its 
pitch while the linear distance through which the screw moves. 
when the screw head is rotated through one division of head scale is 


termed as the least count of the screw. 


8. Zero-error of an instrument can be positive or neqative, and is 
always to be subtracted from the quantity under measurement. 

If we change the sign of zero-error, the quantity so obtained is 
called zero-correction which is always to be added to the observed 
reading. 

9. Vector quantities are those which need magnitude and direction, 
both, to specify them completely (e.g. velocity, acceleration, force, 
momentum and magnetic or electric field strength). 

Scalar quantities possess magnitude only and have no direction, 
associated with them (+.g. speed, mass, money and temperature), 


10. A vector can be represented in magnitude and direction by a st. 
line (drawn on a certain scale) bearing an arrowhead. One end of 
this line represents the point at which this vector is applied. 
11. The velocity of a body is its speed in a given direction. There- 
fore, if the direction of motion changes but the speed remains the 
same, the velocity has changed. 
A body is said to 
equal distances in the 
time, however small. 


12. A body is said to be accelerating when its velocit 
and decelerating or retardiag when its velo 


Acceleration (+-ve or —ve) is equal to 
velocity of a body. 


move with uniform velocity when it travels. 
same direction in successive equal intervals of 


y is increasing 
city is decreasing, 


the rate of change in 


however small, 


13. Equations of Uniform] 
initial velocity of a body which 


v+u 
= (SS) x: =ut+hat? 
And the distance covered by th i i 
second (say mth) E y the body in any one particulary 


Snn=u4 a Ck) 
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14. Graphical Representation : Y 
(a) Velocity-Time graph AB for 
uniform velocity motion (Fig. 1-1). A B 
(b) Velocity-Time graph AB Tor % 
uniformly accelerated motion 0 t bot x 
(i) with initial velocity=zero 
(Fig. 1-2) ; Fig. 1-1 
(ii) with initial velocity=u (Fig. 1-3). 
Y Y 
v. B 
A 
u 
; } t tt X 
Fig. 1-2 Fig. 1-3 
(c) Distance-Time graph AB for uniform velocity motion 
(Fig. 1-4). 


oN AXA 
Fig. 1-4 Fig. 1-5 
(d) Distance-Time graph AB for uniformly accelerated motion 
(Fig. 1-5). 


In Figs. 1-1, 1-2 and 1-3, the distance travelled between times 
t, and t, can also be represented by the shaded area shown. 

The slope of the line for Velocity-Time graph gives the 
acceleration of the body in motion. 
15. The momentum of a body is the product of its mass and velos 
city. 

7 C.G.S. absolute unit of momentum is dyne X second and F.P.S. 

absolute unit is poundal X second. 
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16. The principle of conservation of momentum states ae 
ane total momentum of a system of bodies remains constant, provide 
no external forces act. 


17. Newton's Laws of Motion : 


I Law— Every body continues in its state of rest or of uniform 
motion in a st. line unless it is compelled by some external impressed 
force to change that state. [It is also called the Law of Inertia]. 


II Law — The rate of change of momentum of a body is pro- 


portional to the impressed force and takes place in the direction in 
which the force acts. 


II Law 
reaction. 


It should be noted, ho 
particles moving at very hi 
time start changing in 
Relativity. 

18. Inertia is a p; 
matter is. Hence, 
whilst orbiting the 
have inertia, 

he throws it, th 


—To every action, there is an equal and opposite 


wever, that Newton’s laws do not apply to 
gh speeds because then mass, length and 
accordance with Einstein’s Theory of 


roperty of matter and is independent of where the 
in a space-craft, the passengers may be weightless 
earth but they are not massless and „hence they 
A spaceman cannot drop a hammer on his foot but if 
¢ damage done will be the same as on earth. 

19. Measurement of Force and its Units : 


Mechanics is that branch of Physics which deals with the 
action of force or forces on matter whi 
which changes or tends to 


motion in a st. line of a body. 


Force=Mass X Acceleration 


1 dyne =(1 gm.) x (1 cm./sec?) 

l poundal =(] Tb.) X (1 ft/sec?) 

l gm. wt. =g dynes=981 dynes 

1 Ib. wt. =g poundals=32 poundals 

l newton =(I kg.) x (1 metre/sec?) — 195 dynes. 
20, Mass (m) is the amount of matte 


weight (W=m.g) is the force of gravi 


r constituting a body while its 
ted by earth towards its centre. 


ty with which a body is attrac- 


Metric slug is the mass which is accel. a 
a force of ! kg. m It is equal to g ee area ey 
sometimes called a mu , a par T. ng i i 
abbreviated in Geren a (ŒEnginseriag pee ait 
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21. Parallelogram Law of Vectors (say Velocities or 
Forces) : If a particle (say K, Fig. 1-6) possesses simultaneously two 
uniform velocities (say wand v) (or is acted upon simultaneously by 


U B Ç Cc 


R 
v v 


weed 0 il 


Fig. 1-6 Fig. 1-7 Fig. 1-8 

two forces), represented in magnitude and direction by the two 
adjacent sides (OA and OB) of a parallelogram (OACB) drawn from 
a point (O, Fig. 1-7), their resultant (R) is completely represented 
both in magnitude and direction, by the diagonal (OC) of the para- 
lelogram passing through the same point (0). _ 

22. Triangle Law of Velocities (or Forces or any other 
Vectors) : [f a particle (say K, Fig. 1-6) possesses simultaneously 
two uniform velocities (say w and v) (or is acted upon simultaneously 
by two forces), represented in magnitude and direction by the two 
sides (say OA and AC) of a triangle taken in order (Fig. 1-8), their 
resultant is completely represented, both in magnitude and direction, 
by the third side taken in opposite order (i.e. OC). 

23. Triangle of Velocities (or Force or other Vectors). If 
three coplanar velocities (or forces) acting on a parlicle K (Fig. 1-9) 


Cc 


Fig. 1-9 Fig. 1-10 


be represented in magnitude and direction by the sides OA, AC, 
CO (Fig. 1-10) of a triangle, taken in order, their resultant will be 
zero. 

Its converse is also true i.e. if a particle under the action 
of three coplanar velocities (or forces) be in the position of equili- 
brium, then these velocities (or forces) can be represented by the sides 
of a triangle, taken in order. 

24. Polygon Law of Velocities (or Forces or any other 
Vectors) : Ifa particle (say O, Fig. 1-11) possesses simultaneously 
more than two uniform velocities, u, v, w, etc. (or is acted upon 
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simultaneously by more than two constant forces), represented in 
magnitude and direction by the sides (AB, BC, CD, etc.) of a poly- 
gon, taken in order (Fig. 1-12), their resultant R is completely re- 
presented, both in magnitude and direction, by the closing side (AF 
and not FA) of the polygon, taken in opposite order. 


Fig. 1-11 Fig. 2-12 


25. Polygon of Velocities (or Forces or any other Vectors) : 
If any number of coplanar velocities (or forces) acting at a point be 
such that they can be represented both in magnitude and direction 
by the sides of a closed polygon, taken in order, their resultant 
will be zero. 


Its converse may not be always true. 

Note (i) the difference between §22 and, and §23, between 
§24 and §25. The word “Law” is not present in §23 and $§25 ; 
y (ii) the force which is equal and opposite to the resultant force 
is called the equilibriant force. 


26. Components of a forces (or any Vector) : A force (F) 
can be resolved into two parts, called its components, at right 


€ y e angles to each other. One 
A L component of this force along 
' a direction making a given 
p | I angle (say 0°) with F will be 
AP sing ' F. cos @ while the other will 

i be F. sin 6 (Fig, 1-13). 

A I 

27. Multiplication of Physi- 
2 Roso A 2 Foose X cal Ohauiities : When Tone 


Fig. 1-13 Payal quantity is multiplied 

PER : y another, the product is a 

heaped oe eure from the factors, The iet force X 

„15 termed work or moment. Sometimes th i 

a quantity less familiar to us. We d ah na k 

$ o not kno 

product length x volume 3 but this does not prev Seamer ee 

on such quantities. 
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28. Relation between g and @: Here gis the acceleration of a 
body falling towards the centre of the earth on account of the force 
of gravity and @ is the Gravitational Constant (=6°67 x 10-8 
‘C.G.S. units). If M be the mass of earth and R its mean radius, then 


gee 
(i) On the surface of earth, go 
a p 1 
(ï) Away from earth at a height h, goo (RFA 
(iii) Inside* earth at a depth h, gx (R—h) 


(w) At the centre of earth, g=0 

Note: Light rays also bend under the gravitational fields of 
‘stars, more so under stronger fields. The effect is very similar to the 
moving of a horizontally fired bullet along a parabola under the 
influence of gravity. Thus, light possesses the property of inertia and 
therefore of mass. 

29. For a Simple Pendulum, if] be its effective length, then its 
time period t=2rd ijg 

(i) On increasing length (due to rise of temp.) and/or decreasing 
9, since ¢ will inorease, therefore a clock will run slower. 

(i) On decreasing length (due to fall of temp.) and/or increasing 
9, since t will decrease, therefore a clock will run faster. 

Note : Value of g can also decrease on account of rotation of 
the earth as the weight of a body will be opposed by the centifugal 
force (=mv?/r). 

30. Work: Work means accomplishment, not mere fatigue. Work 
‘done by or against a ‘force is given by the product of the force and 


the distance its point of application moves in the direction of the 
force or against it. 


Work=(Force) x (Distance along force) 

-fa 1 erg=1 dynex 1 cm. along force 

1 ft. poundal=1 poundalx 1 ft. along force 
1 joule=1 newtonx1 metre along force 

(1 joule=10" ergs ; 1 gm. cm.=g ergs ; 1 ft. Ib.=g ft. poundals). 
31. Power: It is the rate of doing work. 

Its absolute units are erg/sec. and ft. poundal/sec. 

Its practieal units are (i) 1 joule/sec.=1 watt and (ti) 550 ft. 
lb. /sec.=1 H.P. 

In C.G.S. system, its engineering unit is kilowatt (=1000 
watts). 


F : t increases with the depth because the 
* But in the actual practice, g at firs 
entral eta of the earth are much denser than the crust. 
cen 
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Kilo-watt x Hour or K.W.H. is the engineering unit of work 
or energy in M.K.S. system and its value= 1000 x 3600 joules. 


32. Work and Energy: These indicate the same physical 
quantity and therefore have the same units. ‘Energy’ is used in all 
branches of Physics, but work is usually reserved for mechanical cases. 
of energy. 


Energy is the capacity of a body for doing work. 


33. Potential Energy ofa body is due to its position and for a 
body of mass m at a height h, its value=m.g.h. 

Kinetic Energy of a body is due to its motion and for a body 
of mass m moving with a velocity v, its value=}mv*. 


34. Principle of Conservation of Energy : Man is unable to. 
create or destory energy ; he can only transform it from one kind to. 
another. Thus the sum total of energy always remains same. 


35. Laws of Static Friction : Friction is defined as the resistance 
offered to the movement of one body upon another or through 
another. No friction comes into play if the body has no tendency to 
move, ie. the friction has no independent existence of its own. Its. 
laws are: 


(1) The frictional force always opposes motion. 


(2) The frictional force is self-adjustable but has an upper limit 
called the limiting friction (F) whose magnitude is just sufficient to 
Oppose motion. 


(3) The ratio of limiting friction (F) to the normal reaction (R) 
(between the surfaces) is called the coefficient of friction (between 
the two given surfaces) ; 


i.e. -=F/R 
(4) The limiting friction, for a given normal reaction, is depen- 


dent upon the nature of two surfaces in contact and not on their 
extent (i.e. area). 


When the coefficient of friction of a surface is equal to zero, 
the surface is said to be perfectly smooth. No such surface exists in 
practice, and we do not wish to have such a surface. Actually, 
friction is a necessary evil. Friction between the cup and the tea 
slows down the sticred tea near the edge. 


36. Angle of Friction : (i) It is the angle between the normal re- 
action and the resultant of limiting friction and normal reaction. 


è (ii) When the angle of inclination of a plane is gradually 
increased till the body kept on it just starts sliding down, then the 


angle (say 8) which the plane now makes with the horizontal is called 
the angle of friction. 


[On the other hand, the angle which the plane makes with the 


horizontal when the body kept on it just sf idi is called! 
dieanple bi ESBEAEr P it just stops sliding down is calle: 
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Note that p=tan 0 


37. Moment of a Force is its turning effect. It is measured by 
the product of the force and the perpendicular distance (called arm 
of the force) from the pivot to the line of action of the force. 
Moment is a vector quantity. Anticlockwise moment is 
taken as positive and clockwise moment as negative. 
Magnitude of moment can also be represented by twice the 


area of the triangle whose base is the given force and altitude is the 
arm of the force. 


38. Principle of Moments states that in any system in equili- 
brium the sum of the moments in clockwise direction about any 
point is equal to the sum of the moments in anticlockwise direction. 
about the same point (or the algebraic sum of the moments about 
any point in the same plane is equal to zero). 

39. Resultant of Parallel Forces : 


(a) Resultant of two like parallel forces is equal to their 
sum, acts parallel to each 6f them and acts at such a point which 
divides the distance between the two forces internally in their inverse 
ratio. 

From Fig. 1-14, Fx AC=QxBC 
eRe Be 

Q AC 

That is, the resultant will be near the greater force and away 

from the smaller force. 


or 


A C B 
P Q 
R=P+@ 
Fig. 1-14 Fig. 1-15 


(b) Resultant of two unlike parallel forces is equal to their 
difference, acts in the direction of the greater force and acts at such 
a point which divides the distance between the two forces externally: 
in their inverse ratio. 


From Fig. 1-15, © PxAC=QxBC 
PBC 
or OAG 
That is, here too the resultant will be near the greater force 


and away from the smaller force. 


40. Couple : Two equal, unlike and parallel forces having different 
. Co j 
lines of action constitute a couple. 
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The moment of a couple about any axis of rotation is equal 
to the product of either force and the arm (=prependicular distance 
between two forces) of the couple. 

The function of a couple is to produce rotation in the body. 


A couple can be balanced by an equal and Opposite couple and 
never by a single force. 


41. Centre of Gravity (C.G.) of a body is the point, in or outside 
the body, at which its weight may be considered to act vertically 
downwards. It may also be termed the centre of mass. 


42. Equilibrium : A body is said to be in the position of equili- 
brium when under the influence of two or more forces the body 
maintains its original position of rest or of uniform motion along a 
st. line. In other words, zero acceleration has heen given another 
name as equilibrium. 


A body is said to be in stable equilibrium if on suffering a 
slight displacement its C.G. is raised. The body returns to its original 
jposition when the disturbing force is removed. 

If C.G. is lowered by the displacement, then the equilibrium 
is unstable and the body falls away from its original position. 

If C.G. is neither raised nor lowered by the displacement, then 
the equilibrium is said to be neutral and the body even in its new 
Position remains in its original position. 

‘43. Conditions of Equilibrium of Coplanar Forces : 

(i) The algebraic sum of moments of forces must be zero about 

-any point in their plane. 


(ii) The algebraic sum of the resolved parts of the forces in any 
two directions at right angles to each other must also be zero. 
44, Mechanical Advantage (M.A.) of a machine is equal to the 
ratio of the load moved or resistance overcome to the effort applied. 

Itis the number expressing the multiplication of the force 
produced by the machine. 

Velocity Ratio : It is equal to the ratio of the velocity of the 
-effort applied to that of the load moved. 

Tt is also equal to the ratio of the distance through which the 
‘effort works to the distance through which the load is moved. 


Efficiency of a machine is equal to the ratio of the work done 


be Pane (called output) to the work given to the machine 


TORE It is also defined as a fraction of input converted into useful 


M.A.= (Efficiency) x (Velocity Ratio) 


Being the ratio of two sim; iti 
Being © similar quantities $ 
‘quantities is a pure number having ab units, See nag 


CONCISE MECHANICS 11 


45. Efficiency of a man working under good conditions is about 
25%. But there are very great differences between the ordinary 
machine and the human machine : (i) Man has a brain and can 
think and can control the expenditure of his energy while everything 
that the machine does is controlled from outside ; (ii) When man 
‘damages his body, to a large extent he can carry out the repairs 
himself while when a machine is damaged, the effected part has to be 
replaced : (iit) Like all living creatures, man is able to reproduce 
his kind ; this a machine cannot do ; (iv) Finally all machines are 
made by man. N 
46. Lever is a rigid bar, straight or bent, capable of rotatory motion 
about a fixed point called fulcrum. 


(Effort) x (Effort Arm) = (Load) x (Load Arm) 
Load Effort Arm 
Effort — Load Arm 

F, W, P; of levers three, 
Must each, in turn, the centre be. | 
radius of wheel 

radius of axle 


or M.A.= 


‘Types* of Levers : 


‘47, M.A. of Wheel and Axle= 


A ship’s capstan, an old-fashioned mangle, the modern wringer, 
a mincer, a coffee mill and the starting handle of a car, etc., etc., are 
‘some applications or examples of a wheel and axle. 
48. Inclined Plane (its angle is 6°) : e.g. a stair case, a slopy path. 
(i) When effort acts parallel to the plane: M.A.=cosec 0 
(ii) When effort acts in horizontal direction : M.A.=cot 6 
} e TN T] 1 
49. Wedge (its angle is 8 ) s MA in (8/2) 
Axe, hatchet, chisel, knife, blade, plough, etc. are some examples 
‘ofa wedge. Nail, needle and pin are examples of pointed wedges, 
50. Screw or Screw Jack (Fig. 1-16) : If R be the radius of the 
handle and fh its pitch, then 
M.A.=22R/h 
51. Single fixed pulley (Fig. 1-17) has a M.A.=1. 
Single movable pully (Fig. 1-18) hasa M.A.=2. 
52. In the first system of pulleys (Fig. 1-19), each string is fastened 
to the supporting beam and if n be the number of pulleys, 
M.A.=2" 
In the second system of pulleys (Fig. 1-20), the same string 
passes round all the pulleys which are arranged into sheaves. If n 


be the number of pulleys in the lower sheaf, 
M.A.=2.n—no.of strings at the lower sheaf 


cts when you (i) nod your head forwards or is 


What type of the lever a rself onto your toes ? 


pulled upright again or (ii) raise you 
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In the third system of pulleys (Fig. 1-21), all the strings are 
attached to the load. Ifm be the number of pulleys, 

M.A.=2"—1 


Fig. 1-16 oR 
In a differential pulley (Fig. 1-22), M.A. TEET 


i 


Fig. 1-19 Fig. 1-20 Fig. 1-21 Fig. 1-22 

Note : For all the machines mentioned above, we have calcu- 
lated V.R. which is equal to M.A. when efficiency is one. 
53. Gears are merely toothed (or cogged) wheels such that the 
tooth (or cog) of one exactly fits into the spacing of the other. As 
one of the gears is rotated, the motion is transmitted to the other 
through these interlocking teeth. Thus gears offer one of the methods 
to transmit power from the driving machine to the driven machine. 


CONCISE MECHANICS 13 


Gears have the advantage of maintaining exact velocity ratio 
between the driving and the driven shafts which is not possible with 
the use of belts as they are subject to slippage. For any gear combi- 
mation : 

No. of revolutions of wheel A No. of teeth ns on B 

No. of revoluticns of wheel B ~ No. of teeth n, on A 

Thus by adjusting 7, and ng, the rate of rotation (i.e. the speed) 
of the driven wheel can be increased or decreased. 


54, Balance: Generally we use our right hand. In the right hand 
pan of a balance we should put that article (weights or object being 
weighed) whose quantity we have to change for bringing the beam 
to the horizontal position, A shopkeeper has to change the quantity 
of the object being sold while in the laboratory we have to change 
the weights. That is why ashopkeeper puts weights in L.H. pan 
and the students in the laboratory have to put weights in R.H. pan. 
Reverse will be applicable for a left-hander. 


A balance is said to be true if its beam remains horizontal for 
no weights or equal weights placed in its pans. For this, its arms 
should be of equal lengths and its pans of equal weights. 


A balance is said to be sensitive if a small difference in the 
weights kept in its pans causes an appreciable deviation of the bea 
from its horizontal position. To achieve this goal, the distance (say h) 
between the fulcrum of the beam and C.G. of the balance should be 
minimum. 

A balance is said to be stable if its beam returns to its original 
horizontal position quickly, when disturbted, for no weights or equal 
weights kept in the two pans. For this purpose, 4 should be maxi- 
mum, which shows that stability is opposed to sensitiveness. 


A balance is said to be rigid when it does not suffer any change 
in shape (e.g. by bending of the beam, etc.). This requires a fairly 
strong and massive beam. 


55. Elasticity is that property of matter by virtue of which a body 
offers resistance to the external (or deforming) forces and regains its 
original shape and dimensions when the deforming forces are 
removed. 


Stress is an equal and opposite reaction from within the body 
resisting deformation and tending to restore the body to its original 
shape and dimensions. It is measured by the force applied per unit 
area of the body. The unit of stress in M.K.S. system is called a 
pascal which is equal to a force of one newton per square metre. 


Strain is the change per unit dimensions or shape produced by 
the stress. Itis a pure number having no units. 
lus of Elasticity is the ratio of the stress applied on a 
bod: ar pene ee strain produced in it, provided that the 
eppied stress is within the elastic limit of the body. 
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Modulus of elasticity is also equal to that stress which produces. 
a unit strain in the body. Hence its units are dyne/cm?, newton/m? 
and kg/m?. 

Strains are proportional to the stresses producing them, provided 
that the applied stress is not large. It is known as Hooke’s Law. 


Young’s Modulus of a solid is equal to that tensile stress 
which will produce a unit tensile strain ina body, i.e. which will 
double the length of a body. 


Even within the elastic limit, bodies do require some time to 
regain their original shape and size after the deforming force has been 
removed. This behaviour is known as elastic fatigue or elastic 
after-effect. 


If the deforming force exceeds the elastic limit, the body is 
permanently strained and does not regain its original condition. This 
is called permanent set. 


If the stretching force is gradually increased beyond the elastic 
limit, the strain is not proportional to stress. A point is reached, 
where the wire appears to flow. This is called yield point. 


‘The breaking stress for a wire of unit cross-section is called its 
tensile strength. 


56. Isothermal elasticity of a gas is equal to its pressure (W;= P). 


Adiabatic elasicity of a gas is y times its pressure (Z,=y.P) 
where y is the ratio of the sp. heats of a gas at constant pressure and 
at constant volume. 


57. Surface Tension : The behaviour of liquids to exhibit a free 
surface is caused by certain forces, acting along the liquid surface: 
that tend to shrink the surface to the smallest possible size and thus 
the liquid behaves as though its surface was covered with a sort of 
elastic membrane that has a tendency to shrink constantly in size. 
This force is called the surface tension which is measured in dynes/' 
cm or poundals/ft. or newtons/metre. 


Liquids which wet the surface of glass will rise up in a glass 
capillary tube while others which do not wet the surface of glass will 
fall down in a glass capillary tube. 


We cannot make a sand pie with dry sand. The pie collapses 
as soon as the bucket is taken away. But if we use wet sand, the 
surface tension of the water holds the grains of sand together. 


Surface tension of every liquid decreases as the temp. rises. At 
the critical point, the surface tension vanishes so that there is no 
definite line of Separation between a gas and a liquid. 


All sorts of impurities, contaminations and dissolved substances 
decrease the surface tension of a liquid. Surface tension also decreases. 
when an electric current is passed through the liquid. 


Surface tension depends on the nature of the medium in contact. 
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with the liquid, e.g. surface tension of free mercury is different from. 
its surface tension when in contact with a liquid. 
58. Viscosity : It is an inherent property of all fluids, by virtue 
of which retarding forces are called into play within a fluid when any 
relative motion between its layers (which generally never flow with 
the same velocity) occurs. Normal circulation of blood is hampered. 
by viscosity ; to overcome it, the heart must be a powerful pump. 
Viscosity is independent of the density as well as the pressure of 
a gas provided that the pressure is not extremely low. 


In a streamline motion, the velocity of flow is not large so 
that the various layers continue to move along parallel paths. If the. 
velocity of flow is large, the various layers cannot remain parallel so 
that these layers moving along zig-zig paths create whirl pools. Such 
a motion is known as the turbulent motion. 

59, Bernoulli’s Principle : The sum total energy (=kinetic 
energy +potential energy-++pressure energy) is not changed during 
the displacement of a fluid. Since K.Es, P.E. and Pr. E. ace mutually 
convertible, so a loss in one will give rise to the gain in others. 
Assuming that at a given height, P.E. remains constant, then in the 
region where the velocity of a fluid is smaller, the pressure is higher 
and vice-versa. 

60. Pressure exerted by a fluid (liquid or gas) is the force (or 
thrust) acting on a unit area and acts equally and normally in all 
directions, 

P=(height of fluid) x (its density) x g 
=h.d.g dynes/cm® or pdls/ft.2 or newtons/m? 

Pressure is equally transmitted in all directions through a fluid 
(Pascal’s Law). Bramah Press works on this law. 

At all points at the same depth beneath a liquid surface at rest, 
the pressure is same from all directions and is proportional to the 
depth. 
éi. A.P. : The wholly or partly immersed body will experience an 
apparent loss of weight equal to the weight of liquid displaced by its 
immersed part. 

Gases also obey A.P. 

A body which floats, displaces a weight of liquid equal to its 
own weight (Principle of Floatation). 

62. Atmospheric Pressure : It is the pressure (=weight per unit 
area) due.to the weight of the atmosphere (which is an envelope of- 
air all around the earth extending upto a height of 500 km. or so) at 
the earth’s surface. It is not a constant but varies with time. 

Standard or Normal atmospheric pressure is that which. 
will support a column of mercury 76cm. high at 0°C at sea-level. 
This pressure is called one atmosphere. 

A pressure of 10° dynes/cm? is called a bar. 
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Some astronomers believe that millions of years ago the earth had 
an atmosphere having large quantity of hydrogen, most of which has 
‘been lost to space. The reason is that the molecules of hydrogen 
travel with a velocity nearly four times that of oxygen or nitrogen, 
hence they diffuse out quicker than other gases of the air. Moreover, 
pull of gravity is also minimum on hydrogen being the lightest gas and 
its particles shoot upwards into space. 


63. Barometers are the instruments which measure atmospheric 
pressure. Literally, a barometer means “weight-measure” which 
reminds us that it is an instrument for measuring the weight of the 
air. 

No liquid is used in an aneroid barometer. 


‘64. Boyle’s Law : Temperature remaining constant, the volume of 
a given mass of an enclosed dry gas varies inversely as the pressure to 
which it is subjected. 
1 
Vos or Pa- or P.V=constant 

At all temperatures and pressures, Boyle’s Law is applicable only 
to a perfect or ideal or imaginary gas whose particles neither 
possess any weight nor occupy any space. 

For real gases, Van der Waal’s Equation holds good under all 
‘circumstances while Boyle’s Law applies at temps. remote from their 
temps. of liquefaction. 


‘65. In an air or exhaust pump, both the valves open outwards. 
Perfect vaeuum cannot be created with such a pump. 


In a vacuum pump, there is either no valve on the mouth of the 
tube connecting the pump to the vessel to be exhausted (e.g. Diffusion 
pump, Filter pump, Rotary oil pump) or this valve does not operate 
with the pressure of the gas in the vessel to be exhausted (eg. 
Toepler’s pump). 

66. In a compression pump, both the valves open inwards. 
67. Siphon : It is a piece of apparatus that can be used for trans- 
ferring liquid from one vessel (called the container) to another (called 
the receiver). It is useful in the following circumstances : 

(îi) When the container is at a higher level than the receiver, 

(ti) When the container is too heavy to be lifted (eg. a 

barrel). 

(iii) When the liquid in the container has 

not be. disturbed (e.g. a fish tank). 


(iv) When the container is fixed to a b i 
Eres ey a base (e.g. a boiler, motor 


a sediment that must 


Objective Type Questions 


CHAPTER I 


UNITS, THEIR SYSTEMS AND MEASUREMENTS 


I. Complete the following statements with correct 
word or words : 


(1) Fundamental units are the units of...... 


(2) In all, there are...... absolute fundamental units. 

(ED sateen are the only absolute fundamental units. 

(4) The linear distance moved by a screw when its head com- 
pletes one revolution is called the...... of the screw. 

(5) The distance moved by the screw when it is rotated through 
one division of the circular head scale is known as the......... of the 
screw. 


(6) Vernier callipers is called after the name of...... 


(7) Screw gauge is so called because it can measure...distances 
with the help of the movement of a 


(8) Spherometer is so called because it is used for measuring 


(9) Curvature of a spherical surface is equal to the......of its 
' radius of curvature. 


(10) Curvature of a plane surface is... 
(11) Radius of curvature of a plane surface is...... 


(12) For any instrument, the sum total of its zero error and zero 
‘correction is...... 


(13) Study of Physics deals with two things only, namely... 
(14) Whatever occupies space and possesses mass is known as..... 
(15)... is the hardest substance known. 
(16) .-. is the lightest substance known. 

Il. Select the iustruments that you will use in order to 

accurately measure the following : 

(1). A straight line. (2) Diameter of a sphere. 

(3) Diameter of a wire. (4) Curvature of a surface. 

(5) Volume of a drop of water. 
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Ill. Select the correct answer or answers from among 
the brackets, in the following : : 
(1) The smallest particle of an element that exhibits all the 
properties of the element is the...... {molecule, electron, proton, atom] 
(2) That which possesses mass and occupies space is best illus- 
trated by...... [gravity, heat, matter, energy] 
(3) The tendency of a liquid surface to contract is called...... 
[diffusion, surface tension. adhesion, viscosity] 
(4) The force of attraction between unlike molecules is called 
mean) (diffusion, cohesion, adhesion, viscosity] 
(5) The force of attraction between like molecules is called...... 
(diffusion, cohesion, adhesion, viscosity], 
(6) If a metal rod can be drawn through a die to produce a 
wire, the metal is said to be...[malleable, tensile, ductile, crystalline], 
7) Dimension of pressure is...... 
( P 
[(a) ML-T-?, (6) MIL}, (c) MLT-1, (d) MALT] 
(8) Dimension of energy is...... h 
[(a) MLT- (b) M*LT-*, (c) ME T?, (d) MLT- 
(9) Dimension of force is...... 
[(@ MET-?, (b) ULT-?, (c) MLT, (a) M*LT], 
(10) Which of the following equations is dimensionally correct ? 
[(a) Pressure=Energry per unit volume, 
(b) Pressure=Force per unit volume, 
(c) Pressure=Energy per unit area.] 


IV. Match the statements in column B with thosefin 
column A: 


Column A Column B 

(1) Vernier Callipers (a) used for Measuring radius fof” 
curvature. 

(2) Screw Gauge (b) used for determining weight. 
(3) Spherometer (c) used for determining mass. 
(4) Physical Balance (d) used for measuring radius of’ 
(5) Vol bi: wire. ` 

y e ume* is measured | (e) pipette, burette, graduated 
(6) Spring Balance eel ise 


(f) used for measuring length. 


“Stere is a unit of volume equal to one cubic metre. 


— 
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CHAPTER II 
VELOCITY AND ACCELERATION 


I. Complete the following statements with jproper 
word or words : 


(1) Motion is the... -of...... of a body with respect to the sur- 
rounding objects. 
(2) Speed* is the... ~of...... of position of a body. 


(3) Acceleration is the...of...of velocity. 
(4) Velocity has both...and... 
(5) When two bodies are equally accelerated, their relative 
acceleration is...... 
(6) When two bodies are equally accelerated, their relative 
velocity is... 
(7) The slope of the displacement-time graph gives 
(8) The slope of the velocity-time graph gives ..... 
(9) Momentum is the quantity of...... that a body possesses and 
is measured by the product of its...and... 
(10) g=9°8 ..... =980... 


(11) When a body is thrown vertically upwards, the velocity at 
the highest point is... 


(12) Abody is thrown upwards with an initial velocity of 40 
cm/sec. Its velocity when it comes back to the same point is... 


(13) Negative acceleration is called... 
(14) A man sitting in a moving bus is at rest with respect to 
II. Select the correct statements : 
(1) Rest and motion are 
(a) absolute terms. (b) relative terms. 


(2) The distance travelled by a body starting from rest and 
moving with uniform acceleration is 
(a) directly proportional to the square of time. 
(6) inversely proportional to the square of time. 
(c) directly proportional to time. 
(d) inversely proportional to time. 


(3) A body is said to be moving with a uniform velocity, if it 
covers equal distances in 


(a) equal intervals of time in the same direction. 
(b) equal intervals of time in different directions, 
(c) unequal intervals of time in the same direction, 
(d) unequal intervals of time in different directions. 
(4) When a body is thrown up, its velocity goes on 


(a) increasing (b) decreasing (c) remains constant. 

*Cusec =cu-+sec=cubic+second. In reality cusec is a unit giving the 
speed of pumping ofa pump. It is equal to one cubic foot per second but the 
pressure is not specified. 
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(5) A body moving with a uniform speed along a circular path 
(a) has no acceleration. (b) has some acceleration. 
(c) has a variable velocity. (d) none of the above. 


(6) A body starting from rest, moves with an acceleration of 
4 metres/sec*. The distance travelled by it in 0.1 sec. is 


(a) 4x 10-2 metre. (b) 2x 10-2 metre. 
(c) 4x 10> metre. (d) 2x 10-1 metre. 
(7) Acceleration is the rate of change of 


(a) velocity, (6) direction, (c) speed, (d) none of these. 
(8) A unit of acceleration is 
(a) kilometres/sec. 
(c) inches/year® (d) cm./sec. 
(8) Final velocity of an object starting from rest is equal to 
(a) product of the acceleration and time. 
(6) division of distance by the time. 
(c) division of acceleration by the time. 
(d) none of these. 


(10) You observe an obj 
tion to the square of time ela 
about its acceleration ? Is it 

(a) increasing. (b) decreasing, te) zero, (d) constant ? 


(11) The displacement s of a particle along a st. line at time ¢ is 
given by s=p+q.t+r.t2, The acceleration of the particle is 


(a) p ©) g (c) r (d) 2.r 
(12) A man goes on pilgrimage. 
foot with an average speed of 10 km, 
mail train at an average speed of 40 
for the whole journey was 
(a) 25 km./hour ; (b\ 20 km./hour ; 
(c) 18 km./hour ; (d) 16 km./hour. 


(13) At what angle to the horizontal should a ball be kicked to 
attain maximum distance ? 


(a) 0°, (b) 30°, (e) 45°, (a) 90°. 
IM. Pick out the correct statements : 
(1) There is no body at absolute rest or in absolute motion. 
(2) The earth moves round the sun with a uniform velocity. 


a) The angular velocity of a rotating body is the angle des- 
cribed by it in a unit time. 


(4) Bodies fall with a 


(b) ergs/minute? 


ect covering distances in direct propor- 
psed. What conclusion might you draw 


Half the distance he covers on 
/hour and the other half by a 
km./hour. The average speed 


variable acceleration. 
(5) A body which seems to be at rest to one person, may seem 
to be in motion to another. 


h (6) With zero acceleration, the speed of your bus would neither 
increase nor decrease, 


phn 
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(7) Bodies rise up because sky is their natural abod 
(8) Time is stated twice in stating acceleration because à 
ration is the rate of change of velocity. 
(9) A cyclist runs along a circular path and covers 15 metres 
in every second. It is moving with a constant velocity. 
(10) The formula s=w.t+4 a.t? is true only if the acceleration 


is uniform. pn 9 
(11) The slope of the velocity-time graph gives acceleration. Q 0 
zZ 
JOLIN 
CHAPTER III 5d) S 
RESULTANT AND COMPONENT VELOCITIES (o 


I. Complete the following statements with proper 
word or words : 


AO 
ype 


(1) The rectangular components of a velocity are...... 
(2) If a particle is acted upon simultaneously by two velocities, 
their resultant is given by the Law of... : 


(3) The path traced by a stone dropped from the window of a 
helicopter when it is stationary is a...... and when it is in motion in a 
horizonal direction, it is a ..... 

(4) The time taken by a stone thrown vertically upward is...... 
the time it will take when it falls down freely from the same height. 

(5) The resultant of two velocities inclined at an angle can be 
found by...... 

(6) Ifa number of coplanar velocities act at a particle in diffe- 
rent directions, their resultant can be found by...... 


(7) Resultant velocity R=4/ w+ 


(8) Direction of the resultant velocity is given by tan B=———~ 


(9) When two velocities are perpendicular to each other, their 
resultant is given by R=4/ 


(10) Two equal velocities, each equal to ų, act on a particle at 
„an angle of 60°. Their resultant is...... 


(11) Sum and difference of two vectors which are perpendicular 
to each other and equal in magnitude are inclined to each other at an 


Il. Select the correct completion for each of the follow- 
ing questions : 


(1) One of the rectangular components of a velocity which 
makes an angle of 45° with it is 20 metres an hour ; the other 
component is 


(a) 10 m/hr., (6) 20 m/hr., (c) 2042 m/hr. 
c 
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(2) A body possesses two equal velocities, each equal to 10 
metres per hour, at an angle of 45°. Their resultant is 


(a) 10 (2+4/2) m/hr. (b) 101/(2++/2) m/hr. 
(c) 100 (2+ 4/2) m/hr. 
(3) A truck travelling due north at 20 metres/sec. turns west 


and travels at the same speed. The change in the velocity of the 
truck is 


fa) 40 m/sec. north-west ; 
(b) 204/2 m/sec. north-west ; (c) no change. 


(4) Ball A is dropped vertically. Another ball B is projected 
horizontally with a certain velocity from the same point at the same 
instant. Then 


(a) A will strike the ground earlier than B. 
(b) B will strike the ground earlier than A. 
(c) both will strike the ground at the same instant. 
(5) A boatman wants to take his boat to a point just opposite 
on the other bank of the river. Then 
(a) he should row up-stream. 
(b) he should row down-stream, 
(c) he should row at right angles to the bank, 
(d) he should row inclined to the bank up-stream. 
(e) he should row inclined to the bank down-stream, 
(6) A hunter aims ata monkey sitting on a tree at a consider- 


able distance. At the instant he fires at it, the monkey drops. Will 
the bullet hit the monkey ? 


(a) No (b) Yes 
f (7) A car is moving ona road when the rain is falling ver- 
tically}downwards. Then 

(a) rain will strike the hind screen. 

(6) rain will strike the front screen. 

(c) rain will not strike the front or the hind screen. 

(d) rain will strike both the screens. 

(8) A man wants to hit a target, so he should point his rifle 


(a) higher than the target. (6) lower than the target. 
(c) in the same direction as the target. 
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CHAPTER IV 


LAWS OF MOTION 


I. Complete the following statements with proper 
word or words : 


(1) A passenger standing in a bus falls......when the bus starts 
suddenly. 


(2) A passenger standing in a bus falls...... when the bus stops 
suddenly. 
(3) Weight of a body is...... towards the centre of earth. 


(4) A force of 2 Ib. wt. acting on a body of mass 2 lb. produces 


-in it an acceleration of...ft./sec. 


(5) When the unit of mass is 1 kg. and unit of acceleration* 
F71 metre/sec®., the unit of force is called a...... 

(6) According to the law of conservation of momentum, 

MyUy + -seses =m -o0oee 

(7) Impulse =... Pee 

(8) 1 kg. wt.=...newtons. 

(9) Momentum is the...possessed by a body. 

(10) The inability of a body to change by itself its state of rest or 

-of uniform motion in a st. line is called 


II. Fill suitable words in the blanks from the list 
:given in brackets : 


(1) Inertia is the property of...due to which it... 
[mass, matter, volume, reacts, opposes any change] 
(2) ...is the property of matter due to its... 
[velocity, motion, momentum, acceleration] 
(3) A unit of force is the force which generates a unit...... ina 
sunit... [acceleration, velocity, mass, speed] 
(4) To every...there is an...and opposite... 
[reaction, opposite, action, weight, double, equal] 
(5) The first law of motion gives us...of force. 
(measurement, definition, time] 
(6) The second law of motion gives us how force can be..... 
[known, defined, measured, drawn] 
(7) Forces...measured by the acceleration they produce. 
[are, are not] 


(8) Momentum generated in a moving mass...... proportional 
to the impulse causing motion. Lepie ned 
(9) A body, acted upon by a constant force, has a velocity 
increasing by...-- amounts in equal distances. unequal, equal] 


*An acceleration of one foot/sec? is called a celo, 
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(10) It is... ..to tow a boat along a canal, from the footpath, by 
using a long rope rather than a short one. [easier, more difficult]! 
(11) It is rather...... to break a tightly stretched string by pulling 
at it sideways. [easy, difficult]' 
(12) A gun recoils on firing due to......Jaw of motion. 
(Ist, 2nd, 3rd] 
(13) Swimming is possible on account of......law of motion. 
[Ist, 2nd, 3rd]; 
(14) Force is a — ++-quantity. [scalar, vector]! 


(15) The cleaning of dirty carpet by beating depends upon 
law of motion. 


[Ist, 2nd, 3rd], 
II. Choose the correct completions for the following, 
statements : 

(1) The statement that ‘a book lying on a table will remain. 
there for ever’ is based upon 


(a) Ist law; (b) 2nd law 3or (c) 3rd law of motion. 


(2) The statement that in a rocket the hot gases shoot out back- 
wards but the rocket moves forward is based upon 


(a) Istlaw; (b) 2nd law; or (c) 3rd law of motion. 
(3. When we jump out of a Stationary boat, the boat 

(a) moves forward ; (6) moves backward ; 

(c) remains stationary, 


(4) Two trains A and B are Tunning in the same direction on 
Parallel tracks, such that 4 is faster than B. If packets of equal, 
weights are exchanged between the two, then 


(a) A will be accelerated but B retarded. 
(b) there will be no change in A but B will be accelerated. 
(c) there will be no change in A but B will be retarded. 
(d) there will be no change in B but A will be accelerated.. 
(e) there will be no change in B but A will be retarded, 
(f) A will be retarded but B will be accelerated. 
(5) A mass of 5 gm. is acted upon by a force which changes its. 
velocity from 50 to 250 cm./sec. in 2 seconds. The force required is 
(a) 0:50 dyne (b) 0:50 gm. wt. (c) 500 dynes (d) 500 gm. wt. 
(6) A newton is 
(a) 1 gm. X cm./sec? (b) 1 kg. Xx cm./sec?. 
(c) 1 kg. X m/sec?. 


(4) 1 gmXcm.Xsec?, 
(7). A5 kg. wt. is accelerated from rest to 60 metres/sec. The: 
force acting on it is 
(a) 5x 60 newtons 3 (b) 5x 60x 9:8 newtons 5 


(c) 602x (5/2) newtons : (a) 60? x (5/2) x 9-8 newtons 3. 
(e) not enough information. 
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(8) The product of a force and the length of time is called 
(a) momentum (b) impulse (c) intertia (d) none of these. 
(9) A body whose momentum is constant 
(a) must always be accelerated. 
(b) must always be retarded. 
(c) must always have a constant velocity. 


(10) A lead ball strikes a wall and falls down. A tennis ball 
having the same mass and velocity strikes the wall and bounces back. 
We conclude that 
(a) the momentum of the lead ball is greater than that of 

the tennis ball. 


(b) the lead ball suffers a greater change in momentum 
compared with the tennis ball. 


(c) the tennis ball suffers a greater change in momentum, 
compared with the lead ball. 


(d) both suffer an equal change in momentum. 
(11) When a horse pulls a cart , the force that causes the horse to 
move forward is the force 
(a) he exerts on the cart. (b) the cart exerts on him. 
(c) he exerts on the ground. (d) the ground exerts on him. 
(12) When a force of | newton acts on a body of mass 1 kg., 
then the body will move with 
(a) a speed of 1 m/sec. 
(b) an acceleration of 0°1 m/sec?. 
(c) an acceleration of 1 m/sec?. 
(d) an acceleration of 9°8 m/sec?. 


(13) A force acts on a body that is free to move. If we know 
the magnitude and direction of the force and the mass of the body, 
Newton’s second law of motion enables us to determine the body’s 


(a) weight (b) speed (c) velocity (d) acceleration. 
(14) A unit force is that much force which produces 

(a) unit acceleration in a unit mass. 

(b) unit velocity in a unit time in a unit mass at rest. 


(c) a unit change in the momentum of a body in a unit 
time in its own direction. 


(15) Absolute unit of force is 
(a) dyne (b) poundal (c) newton (d) kg. wt. 
(16) Engineering unit of force is 
(a) gm. wt. (6) Ib. wt. (c) kg. wt. (d) newton. 
(17) Impulse is measured in the units of 
(a) ergs (b) poundalxsec. (c) Ib. wt.xsec. (d) newton. 
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(18) ae stands for the unit of 
(a) force ; 


(b) acceleration ; 
(c) momentum ; 


(4) angular momentum. 


(19) A weight is suspended from the middle of a rope whose ends 


-are at the same level. In order for the rope to be perfectly horizontal 
the forces applied to the ends of the rope 


(a) must be equal to the weight. 
(b) must be greater than the weight. 


(c) must be so great that the rope is on the point of 
breaking. 


(d) must be infinite which is practically impossible. 
(20) A bullet hits and gets embedded in a solid block rest! 
‘a horizontal frictionless table. What is conserved ? 
(a) Momentum alone. (6) Kinetic energy alone. 
(c) Momentum and kinetic energy both, 
(d) Neither momentum nor kinetic energy. 
(21) A jet engine works on the principle of conservation of 
(a) mass, (b) energy. 
(c) linear momentum, (d) angular momentum. 


ing on 


(22) A particle at rest sudde 


nly disintegrates into two particles 
cof equal masses which start movi 


ng. The two fragments will 
(a) move in the same direction with equal velocities, 
(b) move in any two directions with any velocities, 
(c) move in opposite directions with equal velocities. 
(d) move in Opposite directions with unequal velocities. 
IV. Matec 
‘column A : 


Column A 


h the statements in column B with those in 


Column B 


(1) Inertia (a) It is a unit of force in- the M.K.S. 


system, 


(2) Weight (b) A physical balance measures 

(3) Impulse (c) A spring balance measures 

(4) Mass (d) The force of short duration, 

(5) Newton (e) The inability of matter to change 


by itself its state of rest or of unis 
form motion in a Straight line. 


—_—_——.., 


_ awe 


iE S 
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CHAPTER V 


‘CIRCULAR MOTION 
i. Complete the following statements „with proper 
word or words : 


(1) In a circular motion a body moves with...... speed but 
with...... velocity. 


(2) If the speed of earth increases, the weight of bodies...... 


(3) When a man cycles on a muddy road, mud flies off the fast 
moving wheels because of .....force. 


(4) When a knife is pressed against a grinding stone, the sparks 
fF. 


(5) When a cyclist takes a turn, he leans...... 


(6) Centrifugal force is equal to......force. 
(7) Centrifugal force is directed...... the centre, _ 
(8) Centripetal force is directed...... the centre. 


II. Select the correct answer or answers for eack of the 
following questions or statements : 


(1) Formula for the centripetal force is 
(a) mov/r (b) mr/v (c) mv?/r (da) mv/r® 


(2) When a body rotates along a circle, the force which keeps 
iit moving with a uniform. speed is called 


(a) gravitational force. (b) centripetal force. 

(c) centrifugal force. (d) ‘electrostatic force. 

(e) magnetic force. 

(3) A motor cyclist going around a circular track at a constant 

:speed 

(a) has a constant linear velocity. 

(b) has a constant acceleration. 

(c) has an acceleration of constant magnitude. 

(d) hasa varying angular acceleration. 


(4) When a mass is rotating in a plane about a fixed point, its 
-momentum is directed along 


(a) the axis of rotation. (b) the radius. 
(c) the tangent to the radius. 
(5) A cyclist taking a turn bends inwards while a car passenger 
taking the same turn is thrown outwards. The reason is 
(a) the difference in the masses of the two, 
(b) the difference in the speeds of the two. 
(c) that car has four wheels while cycle has only two. 


(d) that the cyclist has to counteract the centrifugal force 
while the car passenger is only thrown by it. 


a 
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(6) If the radius of earth is 6400 km., the linear velocity of a 
point on the equator is nearly E 
(a) 1600 km./hour. (b) 800 km./hour. 
(c) 200 km./hour. (d) 100 km./hour. 


Ill. State whether the given statements are correct or- 
false : 


(1) Centripetal force is directed away from the centre. 

(2) Centripetal force is directed towards the centre. 

(3) Centrifugal force is directed away from the centre. 

(4) Centrifugal force is directed towards the centre. 

(5) Centripetal and centrifugal forces are equal and opposite. 

(6) Centripetal force comes in when a body rotates in an anti~ 
clockwise direction while centrifugal force comes in when a body 
rotates in a clockwise direction. 

(7) A cyclist, while turning a corner, leans outwards. 

(8) The weight of the bodies would be greater if the earth stops. 
rotating. 

(9) A particle moving along an arc is not moving under the 
influence of a force. 


(10) In laundries, the clothes are dried, by revolving the drum. 
at high speed, due to centripetal force. 


(11) Planets revolve round the sun due to centripetal force pro- 
vided by the gravitational attraction between the sun and planets. 


(12) When a bucket full of water is kept revolving at a high 
speed, water does not fall overhead due to centripetal force. 


(13) When a car goes round a curve ona level road, the centri- 
petal force is provided by the force of friction between the road andi 
the tyres. 


(1 4) For a given radius of a curved track, one particular angle-~ 
of banking is not correct for all velocities. 


CHAPTER VI 


GRAVITATION, GRAVITY AND PENDULUM 
I. é 
alee amplie the following sentences by suitable words- 


1 7 ; 3 
Sled Oric force with which a body is attracted by the earth is. 
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r (2) Acccleration of a particle due to the earth’s gravity...... on 
the mass of the particle. 


(3) The time period of a simple pendulum depends on its length 
when......---is constant. 


(4) The time period of a simple pendulum is inversely propor- 
tional to the square root of g when...... is constant. 


(5) To correct a clock that is going slow, the length of the 
pendulum has to be...... 


(6) The value of g at a place on the surface of earth increases 
as its distance from the centre of the earth 


(7) The value of g will...... if the earth stops rotating. 
(8) Time period of a second’s ‘pendulum is...... second or 
seconds. 


(9) A body weighs......at the poles than at the equator. 
(10) The value of g is determined in the laboratory by...... 
(11) Mass ofa body is measured by means of a...... balance 
while the weight of a body is measured by means Of a...... balance. 
(12) The quantity of matter contained in a body is called its...... 


(13) Gravity is the force of attraction between......and any 
-other object on or around it. 


(14) Mass remains...... everywhere. 

II. Select the proper words from the brackets to fill in 
the blanks : ' 

(1) Every material body exerts a force of...... towards every 
other material body. [attraction, repulsion] 

(2) Force of gravitation between two bodies is directly propor- 
tionai to the..... of their masses. [square, product] 

(3) Force of gravitation between two bodies is inversely propor- 
tional to the...... of distance between...... 


[square, product, them, their centres] 
(4) Inertial mass is......to gravitational mass of a body. 
[equal, not equa!] 
; (5) Force of gravity will be......on one kg. of iron than on 3 kg. 
of silver. [larger, smaller] 
(6) Aniron ball and a wooden ball of the same radius are 
| released from the same height in vacuum. The times taken by both 
| of them to reach the ground are. 
| [unequal, exactly equal, roughly equal] 
i| (7) An iron ball and a wooden ball of the same mass are 
| released from the same height in air. Then... 
| [(a) the iron ball will hit the ground earlier. 
| (b) the wooden ball will hit the ground earlier. 


| (c) both the balls will hit the ground at the same time.] 
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(8) ......discovered that the earth moves round the sun. ' 
[Copernicus, Galileo, Newton] 
(9) Time period of a simple pendulum will......when taken. 
from equator to the poles. [increase, decrease]! 
(10) Time period of a simple pendulum will .....when taken to 
the top of a hill. [increase, decrease]! 


(11) Time period of a simple pendulum will 


Nene when taken 
inside a deep mine. 


[increase, decrease] 
(12) A pendulum clock will become.....when taken inside a deep. 

[fast, slow], 
(13) Length of a simple pendulum is doubled. Its time period 
will change in the ratio of...... to l. [1/+/2, 2, 1/2, 4/2], 


(14) A pendulum clock will become 
regulated in summer. 


mine. 


oe in water when it was 

[fast, slow]; 

(15) The spaceman in his rocket just after it is fired and is 
picking up speed feels...... 


{normal weight, lighter, heavier, weightless }j 


III. Select the correct answer or answers for each of the 
following questions or statements : 


(1) Rain drops fall from a great height under gravity. We 
observe that 


(a) their velocities go on increasing until they hit the earth 
with the same final velocity. 

(a) their velocities go on increasing as they hit the earth, 
but final velocities of different sized drops are different, 


(c) they fall with a terminal velocity which is same for 
every drop. 


(d) they fall with terminal velocities which are different for 
drops of different sizes. 


(2) The escape velocity on earth is about 11 km./sec. ; on moon 
it is 


(a) larger. (b) smaller. (c) the same, 
(3) A motor cyclist rides around a well with a round vertical 
wall and does not fall down while riding. Obviously 
(a) the force of gravity disappears. 
(b) he loses his weight somehow. 
(c) the frictional force of the wall balances. his. weight. 


(4) There is a bod 


y lying on the surface of earth and suppose: 
that the earth suddenly 


loses its power of attraction. Then 
(a) the mass of the body will become zero. 


(b) the weight of the body will become zero. 
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(c) both (mass and weight) will vanish. 
(d) the mass will remain same but weight will vanish. 
(e) the weight will remain same but mass will vanish. 
(5) A body is taken from the equator to the poles. Then 
(a) mass of the body will change. ; 
(b) weight of the body will change. 
(c) both (mass and weight) will change. 
(d) mass will remain same but weight will change. 
(e) weight will remain same but mass will change. 
(6) Moon has a mass of 1/80th of that of earth and is 1/4th in 


diameter to that of the earth. The weight of a man on the moon 
will be......that on the earth. k 

(a) same as ; (b) 1/5th of; 

(c) 1/4th of ; (d) 1/2 of. 

(7) Moon has a mass of 1/80th of that of earth and is 1/4th in 
diameter to that of the earth. At a certain point in the flight, the 
resultant force due to the earth and the moon ona spaceship will be 
zero. This point will divide the earth-moon distance approximately 
in the ratio of x 

CA veal (6) 5:1, ORE (4) 80:1. 
(8) Ordinarily we use the value of g as 
(a) 32 ft./sec? (b) 32 ft./min? (c) 32 inches/sec® 
(d) 32 cm./sec* (e) 32 metres/sec? (f) 98 cm./sec? 
(g) 9°8 metres/sec® (A) 980 ft./sec? (i) 980 ft./hour®. 
(9) Time period of a simple pendulum depends upon 

(a) its Jength ; (b) mass of the bob ; 
(c) value of g at that place ; (d) its amplitude. 

(10) Time period of a simple pendulum can be increased b 
(a) increasing the arc of the swing ; y 
(b) increasing the length of the pendulum ; 
(c) increasing the mass of the bob ; 
(d) increasing the thickness of the string. 

(11) Time period of a simple pendulum can be decreased by 
(a) increasing the arc of the swing ; 
(b) increasing the length of the pedulum ; 
(c) increasing the mass of the bob ; 
(d) increasing the thickness of the string. 

(12) When a body is supposed to be falling freely under gravity, 

then its acceleration depends upon 

(a) mass of the;body. (b) mass of the earth. 
(c) speed of rotation of earth. 
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(13) A hole is drilled through the earth along its diameter and a 
stone is dropped into it. When the stone is at the centre of the earth, 
it possesses 

(a) mass ; (b) weight ; (c) acceleration ; 
(d) potential energy ; (e) kinetic energy. 
(14) If the tension in the cable of 1000 kg. elevator is 1000 kg. 
weight, the elevator 
(a) is accelerating upwards ; 
(b) is accelerating downwords ; 
(c) may be at rest or accelerating ; 
(d) may be at rest or decelerating. 


(15) When the bob of a swinging pendulum momentarily comes 
ito rest in one extreme Position, its energy is 


(16) What will happen, out of the four alternatives given above 
in Q. (15) when the swing dies down and the pendulum stops ? 


(a) a:b; (b) a:b; (c) b: a; @) Va: a/b. 
IV. Match the statements in column B with those in 
-column A ; 


Column A Column B 
(1) Gravitation is (a) the force of attraction 
between earth and any other 
j object. 
(2) A spring balance mea- | (b) the mass of an object. 
sures A i 
(3) At a given place (c) the force of attraction between 
any two abjects in the 
universe. 
(4) Gravity is (d) the mass and the wt. of the 
same object are proportional 
to each other. p 
(5) A physical balance (e) the weight of an object. 
measures 
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CHAPTER VII 


WORK, POWER & ENERGY 
I. Complete the following statements with suitable 
word or words : 
(1) .....-is an absolute unit of work in C.G.S. system. 
(2) Joule is the unit of......in......system. 
(3) 10? ergs=...joule. 


(4) 1 Horse Power*=......watts, 

(5) Potential energy is due to the......of a body. 
(6) Kinetic energy is due to the...... of a body. 
(7) A moving person possesses...... energy. 


(8) A body on the top of a tower possesses......energy. 


(9) The capacity of doing work is called......and the rate} of 
doing work...... 


(10) One kilowatt-hour=......joules. 
(11) One kilogram-metre=......joules. 
(12) A compressed spring and a stretched wire have...... energy. 
(13) Spring in a watch, after winding, possesses... ...energy. 
II. Select suitabls word or words to complete the 
following sentences from the clues provided against each: 
(1) Watt is the unit of...... [force, work, energy, power] 
(2) Erg is the unit of...... ‘[force, work, power, energy] 
(3) Dyne-sec. stands for the unit of... 
[force, work, momentum, angular momentum] 


[work, power, force] 


(5) emer is the rate of doing work. [Energy, Power, Momentum] 
(6) The kind of mechanical energy stored in a dam is...... 
[K.E., P.E.] 


(7) A stone is dropped from a tower; its total energy...... 
during its fall. [increases, decreases, remains constant] 
(8) When a body is moved from rest by a constant force 
through a given space, K.E. of the body is......the work done by 
the force. [less than, equal to, greater than] 
(9) A body of mass fof ‘10 Ib. is moving with a velocity of 

5 ft./sec. ; its kinetic energy is ..... 
[125 ft.lb. ; 125 ft. poundals ; 250 ft. poundals ; 250 ft.1b.] 
(10) A body of mass 2 gm. is at a height of 10 metres. Its 

tential energy is...... ? 

Core 11960000 joules, 1960000 ergs, 200 ergs, 20 joules, 196 joules] 


*1 Donkey Power=250 watts. 
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(11) A boy performs the Operations listed below. Indicate the 
order of the greatest work done by him to the least work done by 
him. (Wt. of boy=50 kg. ; wt. of brick=] kg.).: 


(a) Boy lifts the brick from the ground to a table 1 metre 
high. 
(b) Boy carries the brick up a ladder to a vertical height 
of 5 metres. 
(c) Boy steps from the floor to the table 1 metre high. 
(d) Boy runs up a flight of 25 ste S, each step being 20 cm. 
h; g! P P S 
igh. 
(e) Boy raises the brick to a vertical hei 
means of a single fixed pulley. 
(F) Boy exerts a force of three quarters of a kg. 
the brick to a distance of 5 metres, 


ght of 5 metres by 


to push 


(12) In a collision between two bodies, their 
(a) momentum is always conserved, 
(b) momentum is not conserved. 
(c) kinetic energy is always conserved. 
(d) kinetic energy is not conserved. 


(13) Three aeroplanes A, B and C of equal weights are flying at 
velocities 200 km,, 500 km. and 1000 km. per hour and at alti- 
tudes 10000 metres, 4000 metres and 2000 metres respectively. Then 
(a) A has the maximum potential energy. 


(b) B has the maximum potential energy. 
(c) C has the maximum potential energy, 
(d) their potential energies are equal. 
(14) A jet engine works on the principle of 
(a) conservation of mass. (b) conservation of en 
(b) conservation of linear momentum, 
(15) Which of the following statements is true ? 


ergy. 


(a) Only matter can be converted into energy. 

(b) Only energy can be converted into matter, 

(c) Matter can not be converted into energy. 

(d) Matter and energy are inter-convertible. 
(16) When a body moves with a high speed, its mass 

(a) disappears. (b) decreases. 

(c) remains constant. (d) increases. 
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CHAPTER VIII 
FRICTION 


I. Complete the following statements with suitable 
word or words : 
(1) Static friction is...... than dynamic friction. 
(2) Friction is a...... adjusting...... 
(3) Maximum value of friction called into play is called... 
(4) The value of limiting friction is directly proportional to 
tthe... . between the surfaces. 
(5) Tangent of angle of friction is equal to...... 
(6) Friction is due to...... 
(7) Friction can be reduced by...... 
(8) Coefficient of friction is defined as the ratio of...... 
(9) Friction is both a necessity and an....... 
(10) The force of friction always acts in such a direction that...... 
(11) The limiting friction is independent of......and depends 


II. Choose the correct word or words given within 
brackets to complete the following statements : 


(1) Friction has...... existence, of its own. 
[independent, no independent] 
(2) Rolling friction is...... static friction. 


[greater than, less than, equal to] 


(3) The angle of friction is the angle which the resultant of the 
limiting friction and normal reaction makes with the direction of...... 
[friction, normal reaction] 


(4) The magnitude of friction...... the velocity provided it is not 


large. [depends upon, is independent of ] 
(5) The limiting friction is...... proportional to normal reaction. 
[directly, inversely] 

(6) The friction acts in the...... direction to the direction of 
motion. [same, opposite, perpendicular] 


(7) A man is trying to displace a block of stone lying on the 
‘ground by pushing it hard from one side. The stone does not move 


because.....- 


[(a) the frictional force is greater than the force applied by 
the man. 


(b) two equal and opposite forces are acting on the stone. 
(c) only frictional force is acting on the stone.] 
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(8) A child sits on a sledge which is dragged by a dog over a 
certain distance on a frozen pond. Choose the data you would. 
require in order to calculate the work done in pulling the sledge : 


[(a) Weight of child. (b) Weight of dog. 
(c) Weight of sledge. (d) Force of friction opposing motion.. 
(e) Distance moved by sledge. 

(J) Distance moved by dog. 
(g) Force required io move the sledge to the given. 


distance.] 


(9) Friction between moving bodies is...... their relative 


velocity. 


[dependent upon, independent of], 


(10) A horse will get a...... grip on a slippery road by mounting 


a man on its back, 


[better, worse, no change of], 


(11) A billiard player will make a...... shot by marking the end 


of his cue with chalk. 


[better, worse, no change of], 


(12) Coefficient of friction between any two surfaces...... be equal, 


to zero, 


[can, cannot], 


III. Match the statements in column A with those of 


column B : 


Column A 
(1) Friction can be reduced by 


(2) u is defined as 


(3) Tangent of the angle of fric- 
tion is equal to 


(4) A bend on a level road has a 
radius 7 and yp between car 
and road is x; then maxi- 
mum speed of car is 

(5) A force of 25 Ib. wt. is requir- 
ed to pull a sledge weighing 
250 lb. over ice ; the » of ice 
is 


Column B 
(a) coefficient of friction. 


OV r. a 
(c) 0'1 


(d) lubricants. 


| (e) V rje 


(f) 10 


(g) the ratio of the limiting fric- 
tion to the normal reaction. 


CHAPTER IX 
FORCES ON RIGID BODIES 


I. Complete the following statements with suitable 


word or words : 


(1) A rigid body is one whose size...... , whatever force be 


applied to its different parts. 


(2) When a body moves as a whole from one place to another, 


it has a motion of.....- 
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(3) When a body turns round a fixed axis, it has a motion 
EEPE 


(4) The tendency of a force to rotate a body about an axis is 
‘called its...... 


(5) Moment of the force acting on a body is equal to the pro- 
«duct of the force and...... 


(6) Two equal, parallel and opposite forces acting along 
-different lines of action on a rigid body constitute a 


(7) The......moments are taken as positive while......moments 
-are negative. 


(8) The principle of moments states that...... 


(9) A body, when it remains at rest’under the action of two or 
more forces acting simultaneously, is said to be in 


(10) A body-is said to be in equilibrium when its acceleration 


(12) The stability of a body can be increased by...... its centre of 
pgravity. 

(13) The C.G. of a body is neither raised nor lowered in the 
“case Of...... equilibrium. 


Il. Fill in the blanks or complete the statements with 
-suitable words selected from those given in brackets : 


(1) For stable equilibrium, the base of the body should be 
zas... aS possible. [small], large] 
(2) When a body in unstable equilibrium is disturbed, its C.G: 


Sesca [raised, lowered] 
(3) A cart carrying one quintal of iron is upset... ..- than a cart © 

ifull of one quintal of loose cotton. [more easily, less easily] 
‘(4) When you are climbing up a mountain, you bend...... 


[forward, backward] 
(5) A body topples over when the vertical line through its 


C.G. falls.....~ its base. foutside, inside] 
(6) Positions of centre of gravity and centre of mass of a body 
Sieis [identical, different] 
(7) Moment of a force is a......quantity. [scalar, vector] 
(8) Resultant of two like parallel forces acts...... the points of 
zapplication of the two forces. [within, outside] 


(9) Resultant of two unequal and unlike parallel forces 
-qcts......the points of application of the two forces. (within, outsidé] 
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Ill. For each of the following statements, several 
answers or completions have been given. Select the correct 
completions : 


(1) The stability of an object may be increased by 
(a) enlarging the base; (b) raising the centre of gravity 3. 
(c) reducing the base ; (d) increasing the height. 
(2) A person, carrying a bucket full of water in his right hand, 
leans 
(a) towards his left hand; (b) towards his right hand : 
(c) does not lean at all. 
(3) While carrying a load on his back, a man leans 
(a) forward ; (b) backward; (c) does not lean at all.. 
(4) For stable equilibrium, the C.G. of a body should be 
(a) high, (b) low. 


(5) Lead or mercury is used in the lower part of a hydre meter 
to 


(a) raise its C.G. ; (b) lower its C.G. 


(6) Two heavenly bodies A and B, not far cff from each other,, 
are seen to revolve in orbits 


(a) which are arbitrary ; 
(b) around their common centre of mass ; 
(c) with A fixed and B moving around A ; 
(4) with B fixed and A moving around B. 
IV. Pick out the correct and incorrect statements : 
(1) The leaning tower of Pisa does not fall because its top is 
very light. 
(2) The higher the C.G., the more stable a body is. 
(3) A couple cannot be balanced by a single force. 


(4) The moment of a couple is the same about all points in. 
its plane. 


(5) Two couples of equal and opposite moments in the same: 
plane balance each other. 


(6) A force has a definite point of application, whilst a couple: 
has not. 


(7) It is easier to open the cap of a pen with the help of two. 
fingers than with one finger. p ‘ 
me A rope-dancer holds an umbrella or a pole to balance: 
(9) While coming down the hill, a person leans backward. 


(10) Trucks, cars and shi i i 
to keep them in stable haan ait pe ar oar eats 
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(11) Magnitude of moment of a force can be represented by 
twice the area of the triangle whose base is the given force and 
altitude is the arm of the force. 


CHAPTER X 
MACHINES 


J. Complete the following statements with suitable 
word or words : 


(1) Mechanical Advantage (M.A.) of a machine is the ratio 
OF; ese ANd aves 


(2) Velocity Ratio (V.R.) of a machine is the ratio of the 
distance moved through by the......to the distance moved through 
by the... 


(3) Efficiency of a machine is the ratio of......to...... 
(4) Mechanical Advantage= Efficiency X ...... 


(5) In an actual machine, velocity ratio is always......than 
mechanical advantage. 


(8) In the case of a Differential Pulley, its V.R. 
(9) In the case of a Wedge, its V.R.=...... 

(10) In the case of a Single Fixed Pulley, its V.R.= x... 

(11) A pulley changes the...... of the applied force. 

(12) In a machine, what is gained in effort is lost in...... 

(13) A balance which is stable cannot be...... 

(14) In the second order of levers, weight is placed...... 

(15) The mechanical advantage of a single movable pulley is... 

while that of a single fixed pulley is...... 


I. Select the suitable words from the brackets to fill 
up the blanks : ! 


(1) Efficiency of a perfect machine is...... 

i [less than 1, 1, more than 1] 
2) In a perfect machine, mechanical advantage is equal to... ~- 

P ¢ q 
[efficiency, velocity ratio, input, output] 

(3) In an actual machine, the input is......the output. 
[more than, less than, equal to] 
(4) Balance is a lever of......order. [Ist, 2nd, 3rd] 
(5) Lemon-squeezer is a lever of......order. (I, I, III] 
(6) A pair of forceps is a lever of......order. [I, IL, III] 
(7) Cork-presser is a lever of......order. O, II, IIT] 
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(8) A pair of scissors is a lever of...... order. [I, II, II] 

(9) A lever which always gives a gain in force is of...... order. 
(I, II, III] 
(10) A lever which always gives a gain in distance is of...... order. 
MILAN 
(11) When our body stands on tip-toe, the class of lever which is 
USCAHS ser ese (1, II, ITT] 
(12) The heel being previously raised from the ground, the foot 


is extended so that.the toe taps the ground; then the class of lever 
which is used is...... [I, II, III] 


(13) It is......to push a wheelbarrow over a bump in the road if 
the handles of the wheelbarrow are lowered. [easier, more difficult] 
(14) Efficiency of an ideal Wheel and Axle is [152 8] 
(15) A lever helps you to do work because it 
[(a) decreases the weight to be lifted. 
(6) increases the force you can apply. 
(c) moves the weight a long distance. 
(d) has a fulcrum.] 


II. Pick out the correct statements : 


(1) In an ideal machine, mechanical advantage is Jess than 
velocity ratio. 


A (2) Machines are used to change the slow motion at one point 
into'a rapid motion at another point. 


(3) We get more work from a machine than given to it, 
(4) In an actual machine, output is less than input. 
(5) A balance can be stable and sensitive at the same time. 


(6) The arms of a balance a 
custcmer will Jose if the sho 
longer arm and weighs it. 


(7) When a bicycle Js ridden, the speed of the bicycle (or its 


wheels) is much greater than the speed of the c clist’s feet, Hence 
M.A, of the bicycle is lesa than one. j 


a (8) The steering wheel ofa car is an example of wheel and 


re in the ratio of 10:1. The 
pkeeper places the goods in the pan of 


(9) The stone-steps of a down- 


flight in a sch rn 
than those of the up-flight, although 8 ool are more wo 


both flights are equally used. 
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CHAPTER XI 


ELASTICITY, SURFACE TENSION AND VISCOSITY 


I. Complete the following statements with suitable 
word or words : 


(1) Elasticity is defined as the property by virtue of which a 
body regains its original dimensions when the......are removed. 
(2) Stress is defined as the......force per unit area. 


(3) The ratio of the change in shape to original shape is 
called ..... 


(4) Strain has...... units. 

(5) The absolute C.G.S. unit of stress is...... 
J (6) The absolute C.G.S. unit of Young’s modulus of elasticity 
Sree 

(7) The......is the tangential force per unit area. 

(8) Due to surface tension, the liquid surface has a tendency 
TO. 


(9) The oil rises in wicks (of lamps) because the space betwe en 
ithe threads acts as... .-- 


(10) In plants, the moisture reaches the branches and leaves 
partly due to the action of...... 


(11) The nib of the pen is split at the tip because the slit...... 


(12) A large number of pores in a blotting paper forms...... and 
ithe ink is drawn up through these pores. 


(13) The shape of water meniscus in a glass capillary tube is...... 
‘while that of mercury is...... ; 


(14) When several non-miscible liquids are poured into a vessel, 
their common surfaces (for any two layers) are...... 


R (15) Water is......in a glass capillary tube whereas mercury is...... 
in it. 

(16) For water, the angle of contact is almost...... 

(17) Mercury does not wet the glass because the force of...... 
‘between the mercury molecules is much more than the force of...... 


between the glass and water molecules. 


(18) Water wets glass because the force of adhesion between :s.:s+ 
is more than the force of cohesion between...... 


(19) A river flows...... in the middle than at the sides near the 
‘banks. 


(20) The viscous retarding forces of a liquid or gas...... with the 
velocity of the object. 
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II. Fill in the blanks with suitable words from the. 
brackets : 


a 


A 
(4) Modulus of rigidity is equal to...... [+ ; 14 b z] 


C) 
7 
(5) Bulk modulus is equal to...... [7 AA : | 


(6) Surface tension......with increase of temp. 
[increases, decreases] 


(7) Surface tension......... when an electric current is passed 
through the liquid. [increases, decreases} 
__ (8) Surface tension...... on the nature of the medium in contact 
with the liquid. [depends, does not depend}, 


II. Select the correct completion {for each of the 
following statements : 
(1) In the case of a metal wire, the elastic limit is reached when. 
(a) the load is more than the weight of the wire. 
(b) the wire just breaks. 


(c) on unloading, the wire is just able to regain its origi- 
nal size. 


(d) elongation is inversely proportional to the tension. 


(2) Steel is more elastic than rubber because for a given applied 
stress the strain produced in steel is 


(a) greater than that in the rubber. 
(b) less than that in the rubber, 
(c) equal to that in the rubber. 
(3) In absolute C.G.S. units, the stress should be expressed in 
(a) dynes/sq. cm. (b) gm. wt./sq. cm. 
(c) kg./sq. cm. (d) gm./sq. cm. 


(4) What among the following is not defined as force exerted 
upon a unit area ? 


(a) Stress, (6) Strain, (c) Pressure, 
(4) Young’s modulus. 
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(5) Suppose the elongation produced in a wire is twice its. 
original length, then the Young’s modulus is 


(a) equal to the stress. (b) twice the stress. 
(c) one half of the stress. (d) none of these. 


(6) A mass is suspended froma spiral spring at rest. If this. 

mass is pulled down, the potential energy stored in the system 
(a) has increased. (b) has decreased. 
(c) remains eonstant. 

(7) A mass M is suspended from a spiral spring*. The spring: 
can be made to vibrate if M is released after pulling it down. Its. 
time period is proportional to wi 

(a) M?, (6) M, (c) yM, (2) 1/M. 
(8) The volume of liquid flowing per second out of an orifice at: 
the bottom of a tank does not depend upon 
(a) the area of the orifice. 
(b) the height of the liquid above the orifice. 
(c) the density of the liquid. 
(d) the value of the acceleration due to gravity. 
(9) An aeroplane is made streamlined to 
(a) increase the air resistance ; 


(b) decrease the air resistance ; (c) none of the above.. 
(10) The underside of an aeroplane is made 
(a) concave ; (b) convex ; (c) plane. 


(11) When a liquid flows through a pipe of variable bore, the: 
pressure is 
(a) highest where velocity is also highest ; 
(b) lowest where velocity is also lowest ; 
(c) highest where velocity is lowest ; 
(d) none of the above. 


(12) Water is flowing through a pipe of uniform cross-section: 
under constant pressure. At some place, the pipe becomes narrow. 
The speed of water at this place 


(a) decreases ; (b) increases ; 
(c) remains the same; (d) depends upon several factors.. 


IV. Suggest a suitable scientific term for each of the- 
following statements : 

(1) Behaviour of bodies even within the elastic limit requiring- 
some time to regain their original shape and size after the deforming: 
force has been removed. 


*Stiffer the spring, shorter will be its time period, 
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(2) A stage where a wire appears to flow beyond the elastic 
limit. 
(3) A stage when a body is permanently strained and does not 


regain its original condition after removing the deforming force 
‘stretching beyond the elastic limit. 


(4) The breaking stress for a wire of unit cross section. 


(5) An inherent property of all liquids by virtue of which 
retarding forces are called into play when a fluid begins to flow. 


(6) A motion in which the velocity of flow is not large so that 
ithe various layers of a fluid continue to move along parallel paths. 


(7) A motion in which the velocity is large so that the various 
layers of a fluid move along zig-zag paths. 


(8) The sum total energy is not changed during the displace- 
ment of a fluid. 


CHAPTER XII 
‘PASCAL’S LAW AND ARCHIMEDES’ PRINCIPLE 


‘I. Complete the following statements with suitable 
‘word or words : 


(1) The thrust per unit area is called 
(2) The pressure of a liquid at rest 


depends upon...... but not 
‘on the...,..of the liquid. eee eee LES 
(3) The thrust of a liquid at rest is always...... tothe surface in 
‘cantact 
(4) The pressure of a liquid is...... in all directions at the same 
devel. 
(en KA Kisasi 


(6) A well in which water is forced upwards by the pressure of 
water from higher levels is known as .. ...well. 


(7) Buoyancy is due to...... of liquids. 
‘(8) A balloon rises in air because...... 
(9) Pascal’s law is also known as...... 
(10) Mechanical advantage of a Bramah’s Press 
area of press plunger (radius of press plunger)? 


(12) A sinking ship will... the bottom of the sea. 


(13) A floating body is said to be in stable equilibrium when its 
meta centre is......the C.G. of the body. 
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II. Select one from several alternatives given within. 
the brackets to fill up the following : 


(1) Micetis...=.: than water. [lighter, heavier] 
(2) Cream is...... than milk. [lighter, heavier] 
(3) A ship on passing from fresh water into sea-water...... 
[rises higher, sinks lower, its position remains unaffected]: 
(4) A body weighs.....-in vacuum than in air. 
[more, less, same] 
(5) A hydrometer will sink more in a...... liquid. 
(denser, lighter]: 
(6) For greater sensitiveness, we have to use a hydrometer 


with a...... stem [thin, thick] 
(7) For a more accurate result, we will prefer a hydrometer 

with a...... volume. [small, large] 
(8) When the weight of liquid displaced by a body is more than 

its wt., the body will...... (sink, float] 
(9) Thrust on the base of a vessel containing a liquid......equal 

to the weight of the liquid contained. [need not be, must be] 
(10) In a liquid under the action of gravity, the average intensity 

of pressure over a given plane area...... equal to the intensity of pres- 
sure at the C.G. of the area. [is not, is] 


Ill, Choose the correct completion for each of the 
following statements : 


(1) Bramah press is a device used for 
(a) pressing clothes ; (b) pressing bales of cotton ; 
(c) printing books. 

(2) Water stored in a dam exerts pressure in 
(a) all directions ; (b) upward direction only ; 
(c) downward direction only ; (d) sideways only. 


(3) A body is weighed in air and then weighed in water. Its 
weight in water 


(a) will be more ; (b) will remain same ; (c) will be less. 

(4) When a piece of ice floating on the surface of water in a 

beaker melts completely, the level of water 
(a) rises ; (b) falls ; (c) remains same. 

(5) A dish of light material, partially filled with water, is 
floating in a pan of water. A small stone, tied to a string, is carefully 
lowered into the water in the dish such that it does not touch the 
sides of the bottom of the dish. We observe that 
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(a) the dish maintains its level in the pan. 
(b) the level of the dish sinks a little lower. 
(c) the level of the dish rises a little higher. 


(6) A balloon filled with air is lowered to the same depth, first 
an river water and then in sea-water. In sea-water it will shrink 


(a) more than that in river water. 
(b) less than that in river water. 
(c) to the same extent as in river water. 


IV. State which of the following statements are true 
or false: 


(1) Pressure of a liquid does not depend upon the base area of 
the container, 


(2) Thrust on the base of a vessel containing a liquid need not 
‘be equal to the weight of the liquid contained. 


(3) A thin and short column of water can support the weight of 
a man. 


(4) The buoyancy will be same for a wooden block and an iron 
block of the same size, pushed under the surface of water. 


(5) 1 kg. of compressed cotton weighs more than 1 kg. of 
loose cotton. 


(6) A man once tried to find the density of air by weighing a 
“small rubber balloon empty, and weighing it again after blowing in 
‘some air. He found no difference between the two weighings. 


(7) It is easier to swim in fresh water than in sea-water, 


CHAPTER XIII 


ATMOSPHERIC PRESSURE AND ITS APPLICATIONS 
I. Complete the following statements with suitable 
word or words : 
(1) Barometer is the instrument used for measuring 
(2) In......Barometer, no liquid is used, 
(3) Normal Atmospheric Pressure is equal to...... 


__ (4) Ink leaks out of a partially filled pen when taken to a 
higher place because the Pressure inside the PEA 18.25. 9, than that 


butside 


eer.. pressure. 


(5) The barometer used to measure height is called...... 
(6) The Spic2 above mercury in a barometric tubs is called...... 


(7) If an air-bubble is introduced into the bottom of a baro- 
meter, it steadily... in size, as it rises through the mercury. 


. Ea apa 
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(8) Perfect gases obey Boyle’s law at...... 
(9) A valve allows a liquid or a gas to flow in...... direction 
-only. 
(10) A manometer is used for...... : 
(11) An air pump cannot produce a...... vacuum. 


II. Fill in the blanks, using correct words from those 
given in the brackets : 


(1) While the valves of an exhaust pump open...... those of a 
compression pump open...... [inwards, outwards] 
(2) The...... arm of the siphon tube should be placed in the 
vessel cotaining a liquid. [longer, shorter] 
(3) Water...... be siphoned over a mountain. [can, cannot] 

(4) A falling barometer indicates the approach of...... 
[fair weather, storm, rain] 

(5) Diameter of the barometer tube...... the readings. 

[affects, does not affect] 


(6) The reading is......if the barometer tube is inclined to the 
vertical. [affected, not affected] 


(7) A barometer will read...... ina building than in the open 
«owing to the roof. [lower, higher, same] 
(8) An aneroid barometer which is used as an altimeter 
ibecomes...... sensitive with increasing height. [less, more, same] 


(9) A water pump will raise water to a greater height at...... 
[Dehra Dun, Delhi] 
(10) The best portable type of barometer is......barometer. 
[Aneroid, Siphon, Fortin’s] 


WI. Select the correct completion for each statement : 


(1) The atmosphere is held to the earth by 
(a) winds. (b) clouds. (c) gravity. 
(d) the rotation of the earth. 
(2) Aneroid barometer is so called because 
(a) it was invented by a scientist named Ancroid. 
(b) the place where it was made is called Aneroid. 
(c) it contains a special liquid called Aneroid. 
(d) it does not contain any liquid. 
(3) Siphon is used to 
(a) take water from one place to another. 
(b) empty heavy vessels without tilting. 
(c) take liquid from lower level to higher level. 
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(4) Space above mercury in a Fortin’s barometer contains 
a) air ; b) water vapour ; c) mercury vapour ; 
3 R y Fap 
(d) vacuum. 


(5) A hole is bored at the top ofa barometric tube. The level 
of mercury in the tube will 


(a) rise ; (b) fall; (c) remain stationary. 


(6) Some water is introduced in a barometric tube. The level 
of mercury in the tube will 


(a) rise ; (b) fall; (c) remain stationary.. 
(7) In a Fortin’s barometer 
(a) water ls used ; (b) mercury is used ; 


(c) no liquid is used. 
(8) One ‘bar’ denotes a pressure equal to 
(a) 1000 dynes/cm? ; (b) 10000 dynes/cm? ; 
(c) 108 dynes/cm?. 
(9) In a water pump, water can be raised upto a maximum 
height of 
(a) 15 metres ; (b) 5 metres ; (c) 10 metres. 
(10) With increase in height above the ground, the atmospheric 
pressure 
(a) increases ; (b) decreases; (c) remains constant. 
(11) A sudden decrease in the barometer reading indicates 
(a) fine weather; (b) approach of rain ; 
(c) approach of strom or cyclone. 


IV. State which of the followin 


& statements are right 
or wrong : 


(1) A water pump can raise water through AF heisht of 
than 10 metres at Delhi. 8 ight of more 


(2) The liquid does not run out 


of an eye-d 
rubber bulb is pressed. Ep eunes the 


(3) A siphon does not work in perfect vacuum. 
(4) The production of perfect vacuum is possible with an air 
pump. e 
(5) Air has weight. 
(6) The barometric height will change if the tube is tilted. 
a ee pene ot a building could be measured by means of 
(8) A mercury barometer could work horizontall 


(9) The damaging effect of a t 
existence of very high and very low 


y in a satellite. 


ornado is chiefly due to a close- 
pressures, 
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V. Match the statements of column A with those in 
column B : 


Column A Column B 
(1) to lift water to any height. (a) Altimeter is used 
(2) for measuring height of (b) Compression pump is 
mountains, used 
(3) for forcasting of weather. (c) Force pump is used 
(4) for compressing air. (d) Barometer is used 
(5) to measure low pressure. (e) Rotary oil pump is used 


(6) to produce vacuum of (f) Mc-Leod gauge is used 
high degree. 


CHAPTER XIV 
MISCELLANEOUS 


Remember the answers for the following types‘of questions also ; 


1. What do the symbols stand for in the following formulas or 
relations ? 


m(v—u) 
E. 
Ans. Here, F stands for the force acting on a body of mass m 


for time ¢ seconds, whose initial and final velocities are u and v 
respectively. 


In the second case, v and u represent the final and initial velo- 
cities of a body which will travel a distance s with an acceleration 
ofa. 


2. Write dówn the formulae for the measurement of the following 
quantities : 


Work done ; Potential Energy ; Kinetic Energy ; etc. 
Ans. Here, Work done W=Force x distance=F'X s 
Potential Energy=Mass x gravitational acc. x height 
=m.g.h 
Kinetic Energy=4m.v2 
3. How are the following quantities related to one another ? 
Write down the necessary formula also. 


F= v—uis2a.s; etc. 


(i) Mass and velocity; (ii) Time, distance and velocity : etc. 
Ans. (i) Momentum=m Xv 
(ii) Distance travelled s=ut-+-}at® 
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4. Name the law which reads as follows : 


“Everybody, in this universe, attracts every other body with a 
force which is directly proportional to the product of their masses 


and inversely proportional to the square of the distance between 
them, (i.e. their C.G.).”’ à 


Ans. It is called Newton’s Law of Gravitation. 
5 Name the scientists with whom the following laws or statements 
are associated : 

A i Le M.m 
(i) Pressure Samet (ii) F=@. aad 

ah stress FL 
ies strain al 
Ans. (i) Robert Boyle (Boyle’s Law). 

(ii) Newton (Gravitation). 
_ (iii) Young (Modulus of Elasticity). 


6. State the law or laws associated with the following scientists 
[e.g. in Mechanics] : 


(a) Archimedes ; (b) Newton. 
Ans. (a) Archimedes” Prin 


ry 


E ns, ciple : Whenever a body is immersed 
in a fluid, it loses its weight, the loss in weight being equal to the 
weight of the fluid displaced by its immersed part. 


(b) Law of Gravitation (see Q. 4 above). 


i 


Short-Answer Questions 


1. Why is C.G.S. system more convenient than F.P.S. system ? 


Ans. (i) The multiples or sub-multiples of the units of length 
and mass inthe C.G.S. system can be quickly obtained just by 
shifting the decimal point towards right or left, while in the F.P.S. 
system long and different divisions and multiplications are required 
for this purpose. 

(ii) In the C.G.S. system, density and specific gravity of a 
substance are given by the same number, while in the F.P.S. system 
the density of a substance is to be divided by 62°5 to get its specific 
gravity. 

(iii) In the C.G.S. system, the relation between mass and volume 
of water is very simple, i.e. 1 c.c. of water weighs 1 gm. Thus 
knowing the mass of water in gm., we can at once know its volume 
in c.c, and vice versa. 

2. Why are the units under M.K.S. system used in engineering ? 


Ans, Under this system we are saved from the trouble of 
applying higher multiples of 10 with the units of C.G.S. system. For 
example, erg is the absolute unit of work in C.G.S. system where 
l gm. cm.=980 ergs is the practical unit. But engineers use joule 
as a unit of work, where one joule=10" ergs. 

3. What is S.I. system of units ? 

Ans. S.I. means International System of units. It is a com- 
bination of M.K.S. units in dynamics and M.K.S.A. units in electri- 
city and magnetism. 

In this system, primary units are those of length (metre), mass 
(kg.), time (sec), current (ampere), temp. (°C) and luminous intensity 
(candela). 

4. What are the main uses of dimensional equations ? 

Ans. (i) To test the correctness of equations. 

(ii) To derive physical equations. 

(iii) To convert one system of units into another. 

(iv) To recapitulate important formulae. 

5, What do you mean by “‘Back-lash Error” of a screw and how 
«an it be removed ? 

Ans. On account of wear and tear between the screw and its 


nut, or due to bad-fitting, generally there is some place for the play 
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of the screw, so that when the screw is adjusted by rotating it in one 
direction and is then rotated back, the screw does not cover any 
linear distance for some rotation of the serew kead. This error is call- 
ed back-lash error. 


This error can be considerably reduced by rotating the screw 
always in the same direction when the final adjustment is being 
made. 


6. Why is a screw gauge so called ? 
Ans. To gauge means to measure. The screw is used in this 
instrument. The diameters of wires are measured with the help ofa 


screw gauge and the wires are given standard numbers. The process, 
is called ‘gauging’ and hence the name of the instrument. 


7. How can you increase the accuracy of a spherometer* ? 
Ans. Accuracy of a spherometer can be increased by reducing 
its least count for which 


(i) pitch should be smail—we should take a finer screw ; 


(i) there should be a larger number of divisions on the circular 
scale, which needs a larger circular disc. [If this is done, the distance: 


between the legs of the instrument will have to be kept large. This. 
will render the instrument unsuitable for smaller surfaces.] 


8. What are the formylae for calculating R with the help of a 
spherometer ? And which one will you prefer to use ? 


Ans. There are two formulace : 


PN h A g? h 
fet att ge a i and oe aa 


where I=the distance between any two outer legs of the instrument, 
z=the distance of the screw from any outer leg and h=height of 
the surface travelled by the screw. 

The first formula should be used because >x and hence % 


error in measuring 1 will be less and so the ‘ 
re more 
accurate. sult will be 


9. Can 


time ? a body be called to be at rest and’ in motion at the same 


Ans. Yes. A body can be at rest 


Same time. Al] rest and i i i 
e TA motion are relative. i mma 
moving train is at rest wi i ee 


train but he 
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10. An object is covering distances in direct proportion to the 
square of time elapsed. What conclusion can be drawn about its 
acceleration ? i 


Ans. Ifs be the distance covered by a body and ¢ the time 
elapsed, then 


or (given) 
or s=k.2 where k is a constant 
Also s=73 a.t? where a is uniform acceleration 


4 a=k=a constant 


Since $ is always constant, therefore a the acceleration must 
also be constant. 


11. A man holds one end of a plank, while the other end rests 
on a drum. The plank is horizontal. Then the man moves the plank 
forward, making the drum roll without slipping along a horizontal 
plane ; no slipping takes place either between plank and drum. How 
far must the man move before reaching the drum, if the plank is of 
length “1” ? 

Ans. Whena drum rolls without slipping along a horizontal 
plane, the line with which it makes contact with the plane at any 
given moment is at rest and the : 

‘drum itself is rotating about this 

line. Clearly, the line of contact - 

with the plank is moving forward l 

at a speed twice as great as that 

of the axis of the drum (Fig. 1-23). 

Therefore, when a man pushes 

the plank and moves forward a Fig. 1-23 

distance equal to the length of the 

plank the drum will move forward a distance equal to half the length 
of the plank. Thus the man must move a distance ‘2l’ in order to 
reach the drum. 


12. Does the top of a wheel move faster than its bottom ? 

2 Ans. Yes. Every point on the ‘wheel makes two motions 
simultancously—one about the axis and the other forward together 
with the axle. At the top, the wheel’s motion of rotation is added* to 
its motion of translation (since both are in the same direction). 
At the bottom, rotation is made in the reverse direction and con- 
sequently must be subtracted from translation. 


13. How is it that on the dark side we move around the sun faster 
than on the sunlit side ? 


Ans. At midnight the speed of rotation is added to that of the 


*A bottte thrown from a moving bus forwards (addition of two velocities and 
hence greater momentum) stands more chance of crashing when it hits the 
ground than if thrown backwards (subtraction of two velocities and hence less 
momentum). 
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earth’s translation while at noon it is subtracted from the latter. As 
a result, at midnight we move faster in the solar system than at 
noon: 


[Note : Since any point on the equator travels about 0'5 km./ 
sec, the difference there between midnight and midday speeds comes 
to 1 km./sec.] 


14. A man is walking in a vertical shower of rainfall. How 
should he keep his umbrella to protect himself from the rain ? 


Ans. In Fig. (1-24), rain is falling vertically downward along 
BOE while the man is travelling along OA direction. Since the 
man thinks that his velocity has. 
nothing to do with the direction and 
velocity of the rain, therefore to bring 
him to rest, impress upon both the man 
and the rain a velocity O/ equal and 
opposite to that of the man. Using 
parallelogram law of velocities, find the 
resultant of BO and OC velocities. This. 
resultant R along OD is given by the 
parallelogram OCDE. Thus R isthe 
relative velocity of the rain w.r.t. the 
man. And the umbrella should be 
kept so as to receive the rain along OD: 
direction. 


[Note that R>v. This result has. 
Fig. 1-24 been used in Q. 15]. 


15. A bucket is left out in the rain. Will the speed at which. 
the bucket is filled with water be altered if wind starts blowing ? 

Ans. The speed of filling (i.e. the amount of water which falls 
into the bucket during unit 
time) will not change. Al- 2 
though the area of the cross- magen 
section of rain falling into HH I on 
the bucket decreases (s;=8: 
cos 8), the velocity of the 
drops not only changes 
direction (Fig. 1-25) but also 
increases in magnitude 
(vı=v/cos 8). Thus we get 


V.8=0.8; Fig. 1-25 


In other words, the speed at which the bucket fills up depends. 
oy on the vertical velocity of the drops, which is not altered by the 
nd. 


16. A bomb 3 . 3 ier D 
releases a bomb er, flying horizontally with a uniform velocity; 


much earli i iti Š ` 
Why is i eo? ier than its position vertically above the target 
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Ans. When the bomb is released, it continues to move in the 
horizontal direction. But at the same time, the force of gravity also 
attracts it vertically downward (with initial velocity zero). Thus the 
bomb has to follow the path which is the resultant of the horizontal 
uniform velocity and the vertically downward uniform acceleration 
acting simultaneously on the bomb. This trajectory is a parabola. 


17. A bullet is dropped from the same height and at exactly the 
same time another bullet is fired horizontally. Which one will hit the 
ground earlier ? 


Aus. Both the bullets will hit the ground at the same time. 
Since the two velocities possessed by the bullets are independent of 
each other, each bullet continues to move without any interference 
from the other. Although the path taken by the second bullet (as a 
resultant of horizontal uniform velocity and vertically downward 
uniform acceleration) is a parabola yet (starting its downward journey 
with initial velocity zero) the time taken by it to reach the ground 
will be the same as that of the first bullet. 


18. A hunter aims his gun and fires a bullet directly at a monkey, 
sitting in a distant tree. At the instant the bullet leaves the barrel, the 
monkey drops. Will the bullet hit the monkey ? 


Ans. Yes ; the bullet will hit the monkey. 


The reason is that the horizontally fired bullet will go along a 
parabolic path as a resultant of horizontal uniform velocity and verti- 
cally downward uniform acceleration. Since the bullet also starts its 
downward journey with zero initial velocity, the same being the case 
with the falling monkey, both take the same time to fall through the 
vertical height of the tree. As both the monkey and the bullet reach 
the ground simultaneously, tho bullet will hit the monkey, provided 
that the monkey is within the bullet’s range. , 


[Note : If the monkey stays at its position, a horizontally fired 
bullet will never hit the monkey, since the bullet from the very begin- 
ning starts going downwards along a parabolic path. Therefore, we 
should aim at a point higher than the target to achieve success. ] 


19. Why are the passengers jerked forward when a bus stops 
and fall backward when it starts ? : 


Ans. This is based upon Newton’s first law of motion. 


In the first case, both the bus and the passengers are in the 
state of motion. When the bus stops, lower portion of the passengers’ 
bodies also comes to the state of rest while the upper portion con- 
tinues tobe in the state of motion ina st. line. Hence a forward 
jerk. 


In the second case, the passengers are initially in the state of 
rest along with the bus. When the bus starts, along with it the lower 
portion of the passengers’ bodies also starts moving forward while 
the upper portion of their bodies continues to be in the state of rest: 

Hence the passengers fall backward. 
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[Note : Similarly we can answer the following : 


(i) Why does a rider fall forward when a horse at full gallop 
suddenly stops ? 


(vi) Why does a rider fall backward when a horse suddenly starts 
running ? 
(iii) Why does a passenger fall down when he gets down from a 


moving bus—unless he runs some distance in the direction of motion 
of the bus ? 


(iv) All passengers in aeroplanes have to fasten their safety belts 
at take-off and when landing. Some aircraft engineers think that 


all passenger-seats should face backwards, then many injuries during 
crashes would be prevented. 


(v) The circus rider travels as fast as the horse, even though 
he has jumped in the air. If he wants to land on the horse’s back, 


he must jump upwards. If he jumps forward, he will find himself 
sitting on the horse’s nose.] 


20. Why does dust come out of a hanging carpet by beating it with 
| @ stick ? 


Ans. This is on account of Newton’s first law of motion. 


At first, the dust and the carpet are in the state of rest. When 
the carpet is beaten with a stick, it moves forward while the dust is 


left behind as it continues to be in its state of rest. Consequently the 
dust comes out and falls down. 


[Note : Similarly answer the question—‘On shaking a tree, why 
do fruits fall down ? The tension in the supporting twig increases 
in its inclined position, due to which the twig breaks.] 


21. Who would win 


if there were a 10-metre race between a MAN, 
a horse and a car ? 


Ans. Such a rac 
and the car are much 
from rest. 


e would be won by a man. Since the horse 
heavier, it takes them a long time to pull away 


22. How can you find out whether an agg is boiled or not, without 
breaking the shell ? 


Aus. (i) : Place it on a flat smooth surface and twirl it. A 
hard-boiled egg will revolve much faster and longer than a raw one 
A hard-boiled egg revolves as one w. 
of a raw egg do not have the motio 


once and so act as a brake—retardj 
of the solid shell, eet 


i Ans. (ii) : When we touch 
it stops at once. But a ra: 


our finger since its liqui i i i 
the solid shell is brought to rest, par ae a 


hole but the liquid contents 
n of rotation handed over at 
force of inertia the spinning 
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23. Why does a cricket-fielder, while taking a catch, give a back- 
ward jerk to his hands ? 


Ans. This is based on the idea of impulse, 
The change of momentum* of a body is equal to the product of 


‘the applied force (F) and the time (¢) taken. for the required change. 


Therefore for a given or constant change of momentum (of a moving 
cricket-ball which is to be brought to rest by the fielder) we find 
that F and ¢ are inversely proportional to each other. By giving a 
backward jerk to his hands while taking a catch the fielder increases 
the time and thereby decreases the applied force with which the fast 
moving ball will strike his hands. 


[Note : For the same reason, carriages are fitted with springs 
to reduce the severity of jerks.] 


24. A man is at rest in the middle of a pond on perfectly 
frictionless ice. How can he get himself to the shore ? 


Ans. The man should take the help of Newton’s third law of 
motion. He has to create some kind of action in order to get an 


‘equal and opposite reaction. This he can do either by puffing 


violently or by throwing with a great force some of the articles (e.g. 
shoes, clothes, hat, etc.) available on his person. Thus, once he is in 
motion on the surface of ice, he will not stop till he reaches the shore 
‘because the ice is perfectly frictionless. 


25. Can a person raise himself by pulling at his own bootstraps ? 
Explain. 

Aus. No. The person and his boots form one system. If he 
‘pulls the boots (with the help of straps) upwards with a certain force 
-of action, an equal and opposite force of reaction (along the straps) 


comes into play in accordance with Newton’s third law of motion. 
ó play 


‘These forces cancel each other and do not affect the initial position 
‘of rest of the person and his boots. 


26. (a) Can a man, seated in achair, raise himself by lifting 
‘its arms ? 
(b) Some persons sitting in a carriage at rest push it from within. 
Will the carriage move ? 


Ans. Same as under Q . 25 above. 
27. Why does a rocket go up ? 


Ans. Here, Newton’s third law of motion is made applicable. 
‘When the fuel is ignited, a high-pressure gas is produced. This gas 
escapes downward with a very great force, giving rise to an equal 
and opposite force of reaction upwards. Consequently, the rocket 
‘shoots up with a great velocity. 


*You can move a brick placed on a smooth floor easily by pushing it with 
‘you foot Yet you will hurt your foot if you kick the brick. 
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[Note : Questions on the working of jet-planes and fire-works 
can be likewise answered.] 


28. When a man steps out of a boat, the boat moves backwards: 
Why ? 

Ans. (i) : This is because the man, in order to step out of the 
boat, pushes the boat backwards with his foot while the boat pushes 
him forward with an equal and opposite reaction. Thus acceleration 
is produced in them in opposite directions and we notice the boat 
moving backwards. Newton’s third law of motion applies here. 


Ans. (ii) : This can also be answered with the help of law of 
conservation of momentum. As long as the man is in the boat, their 
total momentum is zero since both are at rest. When the man steps 
out of the boat, a certain momentum: is produced in him in the 
forward direction. To keep the total final momentum same (i.e. 
zero), the boat has to move back with the same momentum. 


[Note : Similarly answer the question — Why does a gun recoil’ 
on firing ?] 


29. Why does a fireman appear struggling very hard with the 
water-pipe ? 


Ans. (i) : Here we can apply Newton’s third law of motion. 
When the water-jet rushes out of the water-pipe, an equal and 
opposite force of reaction pushes the water pipe backwards, Evidently, 
the fireman has to apply a large force on the pipe to keep it at its 
initial position. 

e can also apply the law of conservation of 
water rushes out at a high velocity, it 


30. If a gun of mass M hori: 
Mis tl gun of mass M fires torizontally a bullet of mass m, 


bullet ? ratio of the energy of recoil of the gun to the energy of the 


Ans. Let the velocity of the bullet be v and that of recoil of 
the gun be V. Then by the law of conservation of momentum, 


mv=M.V or SAR uki 

v M 
Also :E- of recoil of gun Pay Ma Yh 
pce PURE: denge aq aes = Gz 


31. Two balls of different masses ha 
‘ c th 
Which ball (lighter or heavier) will bic ees 


Ans. Let m and M be the a 
f the li „tne masses and v and V be the velocities. 
en i A a pall and heavier ball respectively. Then their K.E- 
z M.V" and momenta=m,y and M.V. 


same kinetic energy- 
momentum ? 
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RA fma = 4 MV? 


m Vg T y m 
MM vt o o NEUM 


momentum of lighter ball 
momentum of heavier ball 


m.v m ia m <1 
WV ~ MXN m M 
Hence the heavier ball will possess greater momentum. 


32. Out of electron, proton, helium nucleus and cricket ball 
having the same kinetic energy, which has the largest wave length ? 


Ans. Proceed as in the above question and prove that the 
lighter body will possess smaller momentum. 


Here electron has the least mass and so smallest momentum. 
Using De Broglie’s relation for a body in motion 


Then 


Planck’s Constant h 
momentum p 


Wave length A 


we find that the electron will have the largest wave length. 


33. A rope passes over a pulley which is suspended sufficiently 
high. Two monkeys of equal weight climb the rope from opposite ends, 
one of them climbing more quickly than the other, relative to the rope. 
Which of the monkeys will reach the top first? (Assume that the 
pulley is weightless while the rope is weightless as well as inewten- 
sible). 

Ans. (i) : Since there are no external forces which could 
impart momentum to the monkeys, so the monkeys can impart to. 
each other (through the rope) only - 
equal momentum, Evidently, how- 
ever quickly the monkeys move their 
paws up the rope, they will rise, 
relative to the ground, at equal 
rates, because they are of equal mass. 
And the rope will move over the 
pulley, to the side of the monkey 
which climbs faster, with a velocity 
which will make the rates at which 
the monkeys climb, relative to the 
ground, equal. Therefore, both mon- 
keys will reach the pulley at the same 
time (Fig. 1-26). 

[Note : Use the same rea- Fig. 1-26 
soning, if the problem is posed with 
monkeys of different masses, the lighter monkey will reach the pulley 


first] 
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Ans. (ii) : See answer to Q, 70 also. 


34. A bird is enclosed in a box standing on one 
-of scales. While the bird is sitting on the bottom of the box, the scales 
are balanced by weights in the other scale-pan. What will happen to 
the scales if the bird takes off and hovers inside the box ? 


Ans. Equilibrium will not be destroyed if the bird takes off and 
hovers in the air inside the box. When the bird hovers, it must 
force the air downwords (action) in order to create an upward thrust 
(reaction) which can support itin air. The air thus forced down- 


wards will create an additional pressure on the bottom of the box and 


the average magnitude of this Pressure will be exactly equal to the 
bird’s weight. 


pan of a pair 


35. A balance is mounted on a stationary trolley, with a 
weight suspended from one end, while the other end is linked to the 
floor of the trolley by a spring. If the trolley be accelerated in a hori- 
zontal direction by a constant force, the weight will be inclined at an 


angle in the direction opposite to the line of acceleration. Will this 
alter the tension of the spring ? 


Ans. In the inclined* position of the thread, it is subjected to 
an increased tension 7” (Fig. 1-27). But the moment acting on the 
scale’s beam is determined by the 
component of the force which acts 
perpendicularly to the arm. This 
force is the vertical component 7’ of 
the thread’s tension T", which will be 
not changed since the trolley’s uni- 
form acceleration will produce a 
fixed inclination in the thread. Since 
the Joad, while inclining, remains sta- 
tionary relative to the trolley (i.e, its 
acceleration in a vertical direction 
equals zero), therefore the vertical 
component 7’ of the thread’s tension 


T” balances the weight W of the trolley. Thus the tension in the 
spring will remain unaltered. 


Ans. When the sections AB, CD and LF of the rope are para- 
llel and the system is in equilibrium (Fig. 1-29), the tension 7' in the 


weight of load M,. Thus the 


When the rope’s point of attachment A is s 


2 7 hifted to the right 
to A’, the sections 4’B’ and C'Do 


f the rope are no longer parallel. 


"Tisa component of T’ and this component balances the weight W. 
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Evidently a decreased tension T. cos 8 in them would no longer be 
able to support the pulley from which M, hangs. Thus equilibrium is. 
destroyed, the load M, descends and the load My rises. 


Fig. 1-28 Fig. 1-29 


37. Two identical guns are mounted on @ railway truck which is: 
free to move along the rails, and point in opposite directions. The sites- 
are set so that, if the guns are fired simultaueously, each will score a hit 
on its target. Will the shells still hit their targets if one of the guns- 
fires slightly before the other ? 


Ans. Clearly when both guns fire simultaneously, the truck will 
remain stationary due to equal and opposite reactions. Under these 
conditions (firing from a stationary platform), the shells hit their 
targets. When one of the guns fires sooner than the other, then, in 
accordance with the law of conservation of momentum, the truck will 
begin to move in the opposite direction. Since the barrel of the gun 
also begins to move with the truck in the opposite direction, the shell 
will leave the barrel with a velocity (relative to the earth) which is. 
reduced by comparison with its velocity when fired from a stationary 
platform. Therefore, the shell will fall short of its target. 

The platform’s motion continues right upto the firing of the 
second gun. Therefore, when it is fired, the second gun’s barrel will 
be moving together with the truck, in the same direction as its shot, 
Thus the shell will have a slightly greater velocity when leaving the 
gun than if it had been fired from a stationary gun. Therefore, it will. 
overshoot its target. 4 


38. In the face of Newton's third law of motion, why shouldi 
a horse be able to move a cart ? 
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Ans. The cart and the horse press the earth downward while 
the earth pushes each one of them up with an equal and opposite 
force, hence all the three 
(cart, horse and earth) 
remain at rest. The horse 
pulls the cart in the for- 
ward direction while the 
cart pulls the horse with 
Fig. 1-30 an equal force T (Fig. 
1-30) in the opposite 


‘direction. Hence both will remain at rest. 


To start motion, the horse presses against the ground in a 
slanting direction HG with his legs and gets an equal and opposite 
reaction & along GH. This reaction R of the ground can be resolved 
into two rectangular components : (i) the vertical component along 
-NM which decreases the weight of the horse and (ii) the horizontal 
component P which tries to move the horse forward. This motion is 
opposed by the limiting friction F, between the cart-wheels and the 
ground. When P: exceeds F, the horse starts moving in the forward 
direction, pulling the cart along with it. 


39. When will you weigh more—while bending or while straigh- 
tening ? 

Ans. When you bend, the muscles that do this also pull up the 
lower half of your body and this diminishes the pressure exerted by 
-your fect on the scales which will show less weight. 


When you straighten up, your muscles push the upper and 
lower halves of the body away from each other. Here the scales will 
indicate a greater weight since the lower half of your body exerts a 
‘greater pressure on the scales, 


[Note : You will incrcase your weight even by lifting an arm,] 
40. Why is it easier to pull than to push a lawn-roller ? 


Ans. In Fig. 1-31, the circle represents the side 


A -view of the 
lawn-roller whose weight W acts vertically downward. 


let the applied force F 
ction. Then its vertically 
weight of the roller in 
duces motion. 


Since, force=mass X ac i 
; ; celeration, therefore ion i 
produced in pushing than in pulling. ‘ i Soreleretones 


He Fae f 
to push a lawn-roller. nce, it is easier to pull than 
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[Note : Because the radius of a lawn-roller is less than our 
height upto our shoulders, that is why the applied forces (F, F) act 


hy 


Esing PULL 
i 


(a) (6) 
Fig. 1-31 


along the directions shown in Fig. 1-31. Jf the radius of a roller is 
greater than our height, then pushing will be easier than pulling.] 


41. Why should we hang a heavy picture-frame by a longer 
thread ? 

Ans. In Fig. 1-32, a picture-frame of weight W is shown sus- 
pended vertically on a nail O with the help of a rope AOB. Since 
AOB is the same rope, tensions 
T, and 7, will be equal. 
The frame is in equilibrium 
under the action of three 
forces W, Tı and T}. These 
can be represented both in 
magnitude and direction by 
the three sides ofa /\abc, taken 
in order, on a convenient 
scale. 

If the rope is now shor- 
tened, as shown by ANB, the 
triangle of forces now takes the 
form of /\abc’ where the Fig. 1-32 
weight W is still represented by the same line ab. Since on the same 
scale, be’ > be, it follows that the tension 7,’ in AN (=tension 7',’ 
in BN) has increased from its former value 7, or 7's. Evidently 
if the rope is shortened too much, it is more likely to break under an 
increased tension. Hence to avoid this risk, we should use a longer 
rope. 

42. A load is attached to two strings AB and AO of equal length 
and suspended from them. In what case will the strings break most 
easily, when they hang down almost vertically or when they are stretched 
almost horizontally ? 
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Ans. The strings will break more easily, the nearer they are 
to a horizontal position. To explain this, consider the tensions F} and: 


Fig, 1-33 

F, acting along the strings (Fig. 1-33). These two forces and load! 
W are in equilibrium, i.e. the resultant F of forces F, and F, is equal 
and opposite to the force W. If the angle between F, and F, is 
120°, AABD will be equilateral and the tension in each string equals- 
the weight of the load. If the angle is less than 120°, each tension 
is less than W and decreases as F, and F, come closer to W’s line of 
action. On the other hand, the nearer F, and F, move to the hori- 
zontal (B'AC’), the greater will be their value (F,'=F,' drawn on the 
same scale for the load W=F). When the strings adopt an almost 
horizontal position, the tension in them is very great and they break 
easily. 4 

42-A. (a) Why is it so easy to break a tightly stretched string by 
pulling at it sideways ? à 

(b) Why must the cord supporting a tennis net be capable of with- 
standing a tension considerably greater than the weight of the net ? 


Ans. Same as for Q. 42 above. 


43. The following trick is sometimes used to move a car which. 
is stuck : a rope is attached to the car and a tree, the rope being stretch- 
ed as taut as possible. Then if a man pulls on the rope ina direction. 
almost at right angles to it, he will easily move the car, Why is this. 
possible ? 


Ans. Same as for Q. 42 above. 


44. A stone is whirled round on a string which suddenly breaks.. 
Why should the stone fly off tangentially to its circular path if it was 


being acted upon by two equal and opposite forces, known as the centri. 
petal and centrifugal forces ? 


. . . . 
Ans. Centrifugal force is a reaction of centripetal force. Though: 
numerically equal, the two forces are not due to the same cause. 


Centripetal force is exerted by the finger at the centre, on the 
revolving stone and is directed radially towards the centre. It is the 
tension in the string and is equal to mefr. 
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Centrifugal force is due to the property of inertia of a body- 
The body is reluctant to move along a curved path and the centri- 
fugal force is a measure of this reluctance. If the string be cut 
suddenly, the stone will fly outwards tangential to the circle because 
the centripetal force will disappear the moment the string is cut. 
Consequently, the reaction force, namely, the centrifugal force will 
also disappear. The stone continues its motion in a st. line due to its 
inertia. 


45. Why does not water fall out of a bucket revolving even in a 
vertical plane ? 


Ans. Water does not fall out of the bucket, swung round in.a 
vertical plane, only when its speed of rotation is sufficiently high. 
When the bucket is upside-down, the centrifugal force (=mv?/r) act- 
ing upward is greater than the weight (=mg) of the water acting 
downwards. Hence, the water cannot move out of the bucket. 


46. Inacircus, a fast-moving motor-cyclist does not fall down 
eper when he moves along the uppermost portion of the “well of death”. 
Why ? 

Ans. Same as for Q. 45 above. 


47. Why does a cyclist lean inward when riding round a curve or 
a corner ? 


Ans. Here the cyclist does so in order to supply himself the 
centrip :tal force required to move him along a curve. The weight of 
the cycle and the cyclist acts vertically downward through C.G. of 
the system. When the cycle takes a slanting direction, an equal and 

- opposite reaction is applied by the earth. The vertical component of 
this reaction balaaces the weight of the system while its horizontal 
component supplies the necessary centripetal force which enables the 
cycle to move in a circular path round a corner. 


48. How does a cream separator work ? 


Ans. The magnitude of the centrifugal force (mv?/r) depends 
upon the mass (and hence the density) of the body—heavier the 
body, greater the contrifugal force. Cream is lighter than the skim- 
med milk. Therefore, the skimmed milk needs a greater force for 
revolving its particles in a circle. When the cream-separator, con- 
taining milk, is rotated at a high speed, the heavier particles of skim- 
med milk move outward (and collect near the walls of the vessel) on 
account of their greater centrifugal force while the lighter particles of 
cream stay near the centre of the vessel. Thus, cream is separated 
from milk. 


49. Why are curved tracks banked ? 


Ans. When a fast-moving railway train (or any vehicle) takes 
a curved path, it must be provided with sufficient centripetal force. 
This force is provided by the friction between the rim of the wheels 
and the rails. This abnormal friction causes extra wear of the tracks 
and wheels. To minimise this, the tracks are so laid that the outer 


/ 
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track of the bend is slightly higher than the inner. This is called 
“banking of the rails or tracks’’. In the absence of banking, the 
vehicles may overturn or leave its track due to its centrifugal force. 


[Note : The angle of banking* depends upon the radius of the 
curve and the speed of the vehicle but not upon its mass. The sharper 
the curve and greater the speed, the greater is the banking required.} 


50. Why is the earth gradually flattening at the poles and bulging 
at the equator ? 


Ans. Originally, the earth was a sphere of fused plastic matter. 

POLE Due to its diurnal rotation about its 
axis, the centrifugal force (mv*/r) pro- 
duced by its rotation started acting 
on every particle (of mass m, say) of 
matter forming the earth (Fig. 1-34). 
Particles situated on the equator pos- 
sess maximum velocity as they have 
to cover maximum distance in 24 
hours taken by the earth to complete 
its one revolution. This velocity goes 
on decreasing as we go towards the 
pole and is zero at the poles. Since 
5 the changes in the value of v°[=(27r)?] 
are far greater than the corresponding change in the value of r, thcre- 
fore for the particles situated on the equator the centrifugal force is 
maximum and decreases on going towards the poles. At the poles, this 
force is zero. Due to this constant force, even a body like the earth 
has to yield—as a result the earth bulges at the equator and is flat- 
tened at the poles since the volume of earth remains unaltered, 


j 51. The driver of acar suddenly secs a broad wall in front 
of him. Is it belter for him to apply brukes or to turn sharply ? 


Ans. Let m be the mass of the car, v its velocity and d its 
distance from the wall. 

If the driver apples his brakes, the car will] stop when its 
kinetic energy (=4mv*) has been expended in work against the force 
of friction (say F). Let the car come to rest after covering 


Fig. 1-34 


a dis~ 
tance x, Then 
m m.v? 
=F.x or t=- 
2 See 
If the car is not to be smashed up, we must have 

m.v? m.v? 

t= op Se or FS əd « (i) 


If the car is turned, the same forc: 


a e of friction will play the 
part of a centripetal force (=mv2/r) whic 


h makes the car move along 


int *An aeroplane must make a correct tarkirg angle while making a curved 
it . 
, SR SA r 
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the arc of a circle of radius, say, 7. Then 


mv? m.a 
or r= 
5 


n= 


If the car is not to be smashed up, we must have 


mv? 


2 
m <d or F> F «+ (42) 


F 

From Eqs. (2) and (ii), we notice that to avoid crashing into the 

wall, braking requires half the force of friction which a turn requires. 
So it is better to apply brakes rather than to turn. . 


52. Every body falls to the ground when released from the hand. 
Are not smoke, steam and gas, which ascend, exceptions to this rule ? 


Ans. They may appear so at first sight, but they rise in the 
air simply because they are lighter than the atmosphere surrounding 
them. That they have weight may be proved by introducing some 
smoke into a glass jar and then removing all the air therefrom. In 
the vacuum so formed, the smoke will be seen descending by its own 
weight. i ‘ 

[Note: A gas kept in a closed container diffuses and occupies 
all the available space. There is no container round the earth’s 
atmosphere and yet the air in atmosphere stays due to gravity. If a 
molecule of air is hit by another molecule from below, it moves 
npwards but ultimately returns downwards due to gravity.] 


53. If gravitation is the power by which all bodies tend towards 
each other, then why do all bodies tend towards earth's centre ? 


r= 


Ans. Gravitational force attracts bodies in proportion to 
masses. The earth, being so immensely large in comparison with 
all other bodies in its vicinity, destroys the minute effects of mutual 
attraction between smaller bodies, and thus brings them all to itself. 


54. What is the difference between the inertial mass and tha gravi- 
tational mass of a body? How are they related ? 


Ans. That mass of a bedy which measures its inertia and 
determines the external force required to move it along a horizontal 
frictional surface is called its inertial mass. The gravity does not 
enter into picture here. The force required to move the body will 
remain the same even if the gravity is altogether absent. The greater 
the mass of the body, the greater the force required to move it. 

On the other hand, gravitational mass of the body is that 
which determines the gravitational pull (known as its weight) due to 
earth acting upon it. To hold the body at rest above the earth, an 
upward force equal to the weight of the body has to be applied on it, 
This weight is also proportional to the mass of the body. The inertia 
of the body does not play any role here. 


These masses of a body are the same. 
55. Which reindrops fall faster, big ones or little ones ? Why ? 
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Ans. Two forces act ona falling drop; the force of gravity 
which is constant and which accelerates the drop’s motion, and the 
resistance of the air which retards the drop’s motion and which 
grows as the drop’s velocity grows. The force of air-resistance grows 
until it is equal to the force of gravity, Then the drop’s velocity 
ceases to alter and it continues to fall at a constant velocity called 
terminal velccity. 

If the dimensions of the drup are increased, the forcs of 
gravity is increased in proportion to the drop’s volume, ie. in pro- 
portion to its (radius)°, while the force of air- resistance increases in 
proportion to drops cross-section, i.e. in Proportion to its (radius)?®. 
‘Therefore, as the drop’s radius increases, the force of gravity increases 
faster than the air-resistance. Evidently the constant speed at which 
the drop falls to earth also increases with the increase of the drop’s 
dimensions. 

Thus, a bigger raindrop falls faster. 


56. Two spheres of the same radius and the same material fall 
through the air from the same height. One sphere is solid, the other is 
hollow. Which sphere will fall faster? 


Ans. Start with para | of Q . 55 given above. 


Since the cross-section of both the spheres is same, they will 
both encounter the same air-resistance when travelling at the same 
velocity. But since the solid sphere is heavier than the hollow one, 
its resultant downward force (=m.g—air resistance) will be greater 
and hence its downward acceleration (given by F=m.a) will all the 
time be greater ; accordingly the solid sphere will fall faster. 

57. Why does an astronaut orbiting round the earth feel weight- 

less ? 
Ans. The reason is that the force of gravity acting on the 
astronaut is used for providing the necessary centripetal force which 
keeps him moving in the orbit. Therefore, he feels weightless and 
thus he can comfortably walk or float in air. 


58. A space-ship carrying an astronaut was placed in orbit* by 
a powerful rocket. Th2 carrier-rocket developed a thrust which acce- 
lerated the ship upwards. The rocket-fuel was used up soon after the 
ship was putin orbit. How did the weight of the astronaut change 
during the flight (i) before and (ii) after the rocket motor stopped 
working ? 

Ans. (i) Before the rocket-motor stopped working, the space- 
ship was moving upward with a constantly increasing acceleration on 
account of the upward thrust. At any instant, if this upward accelera- 
tion is a, then 

apparent wt. of the astronaut =m(g+a) 


which is greater than his real weight (=m). Thus the apparent 
wt. of the astronaut will go on increasing. 


°A satellite goin: 


3 g round the earth in a circular orbit 
distance along the direction of Ae aee ahe Be 


S the gravitational field 
this field o n the satellite is Zero. page ea MEOT ERRE 
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(ii) After the rocket-motor stopped working, the wt. of the astro- 
naut becomes zero (See the reason in the answer of Q. 57 above). 


59. A man jumps off a table witha 5 kg. weight in his hand. 
What is the pressure of the weight on his hand while he is in air ? 
_ Ans. The pressure of the weight on his hand will be zero while 
he is in air. 
t Here the hand can be assumed to be working as a lift descend- 
ing vertically downward with an acceleration, say a. Then the 
apparent weight of a body lying on it is given by 
R=m(9—a) 
Since the body of 5 kg. weight is descending with the same 
acceleration a=g along with the hand, 


oy R=m(g—g)=0 

60. Two holes are made in the side of a, cylindrical bucket, 
symmetrically placed on opposite sides. The holes are closed with 
corks and the bucket is filled with water. If the corks be taken out, the 
watir will stream out of the holes. What will happen if the bucket falls 
freely ? 

Ans. While the bucket is falling freely, the upper layers of 
water will cease to exert pressure on the lower layers and therefore 
there will be no pressure on the side-walls of the bucket. Thus the 
water will cease to flow out of the holes. 


61. The crewmen in a spaceship are discussing whether they 
could crack a walnut witha hammer. Man A says that hitting the 
walnut with the hammer would be no more effective than hitting it with a 
feather because the hammer is weightless out in space. B states that 
he found the mass of the hammer to be about 1 kg: by comparing it 
with known masses on an equal arm balance ; therefore, he would 
break the walnut as easily as back on earth. O maintains that the 
comparison with other masses proved nothing, because out in space they 
too are weightless ? 


Comment on the statements of the crewmen. Can they crack the 
walnut ? 


. Ans. The crewman C is correct because B could not have 
weighed the hammer in space as it would have balanced as well with 
a feather as with a standard kg. mass. 


The crewman A is completely wrong while B is right in assum- 
ing that he can use the hammer to crack the walnut. The impact 
depends on the momentum (=m v where mass obeys the law of con- 
servation and is never zero) or on the mass of the hammer and not 
on its weight. Therefore, B will succeed in cracking the walnut out 
‘in space with the help of a weightless hammer also. 


62. The earth is acted upon by the gravitational attraction of the 
sun. Why does not the earth fall into the sun ? 


170 SHORT ANSWERS AND OBJECTIVE TYPE QUESTIONS IN PHYSICS 


Ans. Ifthe earth started from rest, it would fallon a st. line 
into the sun. But actually the earth is moving around the sun in a 
stable orbit with a constant speed. At any instant, the earth has to 
move simultaneously under the action of two velocities: (7) its own 
uniform velocity tangential to the orbit of its rotation, and (zi) accele- 
rated velocity towards the sun due to sun’s gravity. Consequently, 
the earth takes a parabolic path and thus it misses the sun as it falls , 
towards the sun. 


63. Whatisa satellite? Calculate the velocity of a projectile 
so that it becomes a satellite of the given planet. ; 


Ans. A heavenly body that revolves about a larger one is 
referred as a satellite. For example, the moon is the satellite of the 
earth. A 

A projectile can be thrown with such a velocity (called orbital 
velocity) that it starts revolving around the earth and does not fall 
down to the ground. Let @ be the gravitational constant, M the 
mass of the earth (or the given planet), 7 the radius of the orbit on 
which the projectile is made to move, m the mass of the projectile 
and v the orbital velocity of the projectile. Then equating the 
centrifugal force and the gravitational force at any point situated on 
` the given orbit, we have 


: 
M.V Mm , Pon G.M 
a e E E or vz F 


64. The distance of Neptune and Saturn from the Sun is nearly 
10° and 101? metres respectively. Assuming that they move in 
circular orbits, find the ratio of their periodic times. 

Ans. IfGbe the Universal Gravitational Constant, M the 
mass of sun, and r the radius of the orbit on which a body is moving, 
then the orbital velocity of the moving body is 


nHn=V &.Mlr a 


Dividing the circumference of the orbit by the orbital velocity, 
we get the time periods ¢, and tą of Neptune and Saturn respectively 


ee ; 
e ont =2nr, xf ar oc (r7)? 
Vo . 
Be PZ TT ge des oo (r,)3/2 
l= n =201,x 4) G&M (ra) 
S t, r \3?2 ( 1013 \3/2_ 10)=10 To 
a EN te ) ENOR (10) Vv 
tae (Note: Ifa Satellite is positioned at a height of 37000 km., its 


h period of rotation around the earth will be roughly 24 hours and 
ence it will maintain the same position (i.e. will appear at pele 
relation to an observer on the earth.] 


Soe 
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65. What do you mean by tha escape velocity of a projectile ? 


Calculate its value in the case of earth. 


Ans. When from a planet a body is thrown with such a mini- 
mum velocity that it escapes into space and never returns to the 
planet, then this velocity is called the escape velocity of a projectile. 


A body of mass m situated on the surface of the earth =a Mm 


mass M and radius R will experience a gravitational force F? 
3 i Reh .M 

Ifm=l1, then intensity of gravitational field = es 
Then the work done in moving a unit mass from infinity ]_ G4. M 


to the surface of earth i.e. geavitatizail potential* 
And the work done in moving a mass m from infinity to the 
surface of the earth= GEM itch must be equal to the inimum 


kinetic energy supplied to the body so that it escapes into space. If 
ve be the escape velocity, then 


1 a GM. 2 G.M 

domo CUR a u 
2(6'67X 1078)(5:98 x 1027) 

For carth, EN 637x108 cm./sec. 


==11°2 km./sec. 


65. What is the ratio of the K.E. required to be given to a 
satellite to escap2 earth’s gravitational fisld to the K.E. required to be 
given so that the satellite moves in a circular orbit just above earth's 
atmosphere ? 

Ans. As here the radius of the earth will be nearly equal to 
the radius of the orbit while calculating the orbital velocity, we get 


K.E. for orbital velocity =- m.v Lyn 


A.M.m 


K.E. for escape velocity =- m.v? iF 
Thus escape K.E. is twice the orbital K.E. 


67. Will thers bo any chang2in the weightt of a body ù the 
speed of the earth changes ? Explain. J du 


Ans. Yes ; there will be a change in the weight of a body “if 
the speed of the earth changes. . 


*See Frictional Electricity chapter on Electrostatic Potential. 
{The value of g will increase if the earth stops rotating. 
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The weight of a body is equal to the force of gravity (=m.g) 
with which a body is attracted by. earth towards its centre. This 
force is opposed by the centrifugal force(=mv?/r) acting on the body 
and produced due to the diurnal rotation of the earth about its axis. 
Therefore, a part of the force of gravity is neutralised by the centri- 
fugal force. Hence the weight of the body decreases if the centrifugal 
force increases or the speed of rotation of the earth increases and 
vice versa. 


68. Will the draught of a steamer be altered as a result of a 
change in the force of gravity’s acceleration, if it changes latitude by 
sailing from northern to equatorial waters 2 


Ans. The change in the acceleration caused by the force of 
gravity which takes place on a change in latitude acts equally on the 
steamer and on water in which the steamer floats. therefore, the 
steamer’s draught will not alter. 


69. A rocket is out in free space, shooting cut a stream of exhaust 
gases and picking up speed in the opposite direction. What happens 
to the centre of all the matter—that which is ejected and that which is 
left in the rocket ? 


Ans. A rocket (consisting of the ejected matter and that which 
is left in the rocket) moving in free space represents an isolated 
system and no external forces are acting on the rocket system. 
Therefore, according to Newton’s second law of motion, the centre 
of mass (or C.G.) in the system cannot have any accelcration. Hence 
the velocity of the centre of mass is constant. 5 


70. A rope is passed over a pulley which is suspended sufficiently 
high. Two monkeys of equal weight climb the rope from opposite ends, 
one of them climbing more quickly lhan the other, relative to the rope. 
Which of the monkeys will reach the top first ? (Assume that the pulley 
is weightless while the rope is weightless as well as inextensible). 


Ans. Let us imagine that the monkeys are on an absolutely 
smooth horizontal surface and hold opposite ends of a rope. Because 
there are no external forces acting, the G G. of the two monkeys 
must remain stationary. Therefore they can only move equal distan- 
ces towards this C.G., however fast either of them moves its paws 
along the rope. Thus, both the monkeys will reach the point lying 
at the centre of the original distace between them simultaneously. 


71. A fly is sitting at the bottom of a test tube. The test-tube 
falls freely, maintaining its vertical position. How will the duration 
of the test-tube’s fall be affected if the fly, during the test-tube’s fall, 
flies up from the bottom of the test-tube to the top ? i 
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Ans. As long as the fly continues to sit at the bottom 
of the test-tube, C.G. of the system remains at a fixed 
position. And therefore, the C.G. of the system will also 
move with the acceleration of free fall. 


But when the fly flies upward from the bottom of the 
test-tube (Fig. 1-35), the C.G. of the system will start rising 
up, i.e. the bottom of the test-tube will be lowered some- 
what relative to the C.G. of the whole system (test-tube- 
plus-fly). Thus the bottom of the test-tube will strike the 
ground sooner than if the fly were to remain motionless. In 
other words, the length of the time of the fall is reduced. Fig. 1-35 


72. Why is a simple pendulum so called ? 


Ans. A simple pendulum is so called because : 
(i) its motion is simple harmonic ;- 

(ii). everything about its construction, formula, position of G.G., 
etc is simple ; x 

(iii) it affords a very simple method of determining the value 
of g experimentally ; 

(iv) it is much simpler in comparison to a compound pendu- 
lum. 

73. Why do we keep the amplitude of an oscillating pendulum 

small ? Ñ 
Ans. It is because the motion of a simple pendulum is simple 

harmonic only when amplitude is small. Also we have to assume in 

the derivation of the formula for the time period that sin 0=9@ which 

holds good only when @ is small i.e. the amplitude is less. 

__ 14. What will happen if the pendulum bob is replaced by a very 
light ball, e.g. a ping pong ball ? 

s Ans. The bob should be heavy. If it is light, it will be 
disturbed even by a slight wind. The restoring force=m.g. sin 0 will 
by small now and in its comparison the resistance of air cannot. be 
neglected. 

75. Why is the pendulum bob round only ? 

Ans. In this form, the effect due to resistance of air is mini- 

mum because for a given volume a sphere has least surface area. 
[Note : See Ans. to Q. 79 also. Combine the two answers.[ 


76. A pendulum clock was regulated to give correct time at 
Dehradun. When taken to Mussoorie, it was found to lose time. Why ? 
Ans. Since the pendulum clock was regulated at Dehradun, its 
time period t=? seconds. But as we go from Dehradun to Mussoorie, 


i f the earth, the value of g 
moving away from the centre ©. th, th 
Neco Tae go 1/(R+-h)? where R is the earth’s radius at Dehra- 


. 
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dun and h is height of Mussoorie from Dehradun. Using the for- 
mula t=2zV I/y for the time period of a simple pendulum, we shall 
find that ¢ at Mussoorie will be greater than 2. Let it be 2'02 seconds. 
Then, though the actual time elapsed is 2°02 seconds, yet the clock 
registers 2 seconds due to its mechanism(1 sec. for each oscillation). 
Hence in each 2°02 seconds, the clock loses 2°02 —2 =0-02 second. 


77. A pendulum clock, regulated on the surface of earth, was 
taken into a deep mine. Will it guin or lose time ? “And why ? 


Ans. On the surface of the earth (of radius=f), the time- 
period of the pendulum will be 2 seconds. If we go to a depth % ina 
mine, the distance from the centre of the earth remains (R—h). Since 
the mass of that part of earth, which attracts the pendulum bob to- 
wards centre, also decreases, therefore it can be shown that goc(R - h). 
In other words, as we go deeper and deeper inside the earth, the 
value of g also decreases. Using the formula t = 2x V Ug, we find that 
the time-period ¢ increases. Suppose it becomes 2°01 seconds though 
the clock registers only 2 seconds (1 sec. for each oscillation due to 


its mechanism). Hence the clock loses time=0'01 second in every 
2:01 seconds. P 


78. Upon what factors does the value of ‘g’ depend ? 


Ans. (i) Latitude : Its value is greatest at the poles and least 
at the equator. 


(ii) Altitude (i.e. distance from the centre of earth): Its value 
is Jess at the hills than at the plains. 


(iii) Depth: It decreases as we go down in a mine. 


(iv) Rotation of the earth about its axis: Due to centrifugal 
force, the bodies on the equator tend to fly away and 
hence the value of ‘g’ is less. 


79. Why do we take a spherical bob in a simple pendulum ? Can ` 
we take a hollow bob ? 


Ans. We use a spherical bob because its mass is uniformly 
distributed and its C.G. is at its centre. Moreover this helps us in 
finding the effective length of the pendulum easily by finding its 
diameter with a vernier callipers. 


We can use a uniform hollow bob since its C.G. will also be at 
its centre. 


(Note : A hollow sphere containing mercury is the bob of a 
simple pendulum. Ifa litle mercury is drained off, the C.G. of bob 


goes down, the effective length of pendulum is increased and so its 
time period will increase ] 


80. What will happen if a simpl dul tob is made to 
i . , simple pendulum 
oscillate in (a) water, (b) vacuum ? 
due to TA (a) In water, the time period will increase because 


upthrust f the 
bob will aeree us of water, the effective pull of the earth on 
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(b) In vacuum, the effect of buoyancy of air will disappear and 
hence the value of ‘g’ will slightly increase, resulting in the slight 
decrease of the time period. 

81. Anold clock loses a minute a day. Is the pendulum too 

-Short or too long ? And why ? 

Ans. The pendulum is foo long. Since the length (l) of the 
pendulum appears in the numerator of the formula for its time-period 
t=27 Vig; therefore, longer the pendulum, the, longer it will take to 
complete one vibration and hence will lose time, 

82. What is the use of pendulum in an ordinary clock ? 

Ans. Firstly, the pendulum helps in keeping regular intervals of 

_ time in the clock by its regular and steady motion. Secondly, by 
its regular swing, it controls the rotation of the toothed wheel of the 
clock and so keeps correct time. 

83. A heavy pendulum bob is suspended from the roof of a 

-staticrnary car. How will its direction be affected when (i) the car starts, 
(it) ihe car is travelling with a constant velocity, (tit) the car comes to a 
-sudden stop ? 

Ans. (i) When the car starts, its roof will also begin to move in 
the same direction and along with it the upper end of the pendulum. 
But the pendulum bob will not have received the motion of the car 
-and hence it will be left behind due to its inertia of rest. Thus the 
bob will have a backward swing. 

(ii) During the steady motion of car, the pendulum bob will 
.have regular to-and-fro swings. 

(iii) When the car comes to a sudden stop, the pendulum bob 

¿will have a violent forward motion. [tis so because the bob will 
have already got the forward momentum on it while the top of the 
‘pendulum comes to rest with the car. 

84. (a) Why is the tension in the string, when in its vertical posi- 

«tion, greater when the simple pendulum bob is swinging than when it 
is at rest ? : 

(b) Does this difference depend on the extent of the swing ? 

ł Ans. (a) At the limits of the swing, where the bob’s velocity 
is zero, the tension in the string will be equal to the component of 
the bob’s weight acting in the line of the string. That is, the tension 
will be less than the bob’s weight. 

3 But at the centre point of the swing (i.e. when the string is in 
its vertical position), the tension in the string must not only balance 
‘the bob’s weight but must also impart to it the necessary centripetal 
force upward. Therefore, its tension must be greater than the bob’s 
weight. 


(b) This difference definitely depends on the extent of the 
‘swing. At the limit of the swing, the component of the bob’s weight 
-opposing the tension in the string decreases as cos @ decreases with 
‘increased value of 6. And at the centre point of the swing, greater 
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and upward centripetal force will be required to raise the bob to the 
same height on the other end of the swing. Hence tension in the 
string will further increase with increased extent of the swing. 

85. Why do we lean forward while ascending a hill ? 

Ans. If we walk in a vertical position, the line of action of the 
weight of our body will fall outside the area occupied by our feet on 
the backside and so we shall fall backwards. To avoid this, we 
Should lean or bend so much forward that the line of action of our 
weight passing through the C.G. of the body falls within our feet. 


[Note : Reverse is the case when-descending the hill.] 


86. Why does a rope dancer, while dancing on a rope, generally 
carry a bamboo (or an umbrella) in his hand ? 

Ans. If the rope-dancer is falling towards his right-hand side, 
he thrusts or pushes the bamboo towards his left-hand side so much 
that the combined C.G. of the dancer-plus-bamboo system remains 
vertically above the rope. Separately, the falling dancer’s C.G. will 
lie on the right hand side of the rope, and that of the bomboo, on the 
left-hand side of the rope. Thus, without a bemboo, he will not be 
able to balance himself on the rope. Hence the reason. 

[Note : Similarly, we can explain why a man carrying a bucket 
full of water in one hand leans towards his other hand 2] 

87. Why should a rocking toy jerk back to its initial position 
after getting a slap ? 

Ans. The equilibrium of a body depends on the position of its 
C.G. Since the whole weight of a body acts through its C.G., so it 
will tend to bring the body to such a position that its C.G. acquires. 
the lowest position. The body thus attains a position of stable equili- 
brium and on slight displacement its C.G. will be raised. 

The lower part of a rocking toy also is very heavy which keeps. 
its C.G. quite low. On slightly tilting such a toy to one side, its C.G. 
is raised and hence the force of gravity acting through its C.G. brings 
the toy back to its original position. 

_ [Note : That is why the goods are stored in the lower part of a 
ship. These goods serve the purpose of a ballast.] 


88. Why are the passengers in a boat asked to sit ? 


Ans. „The passengers are asked to sit so that the C.G. of the 
System remains lower which keeps the boat in stable equilibrium 


If the passengers stand up, the C.G. of the system will also be. 


raised. This brings the boat in unstable equilibrium and evidently 
the boat would capsize* more easily. 


[Note : For the same reason : 


(i) the passengers in ths upper compartment of a moving double- 
decker bus are not allowed to stand 5 


*That is why most of the incidents e 
the i 7 i 
b. Gaver a idents of boat Overturning occur near th 


body stands up to get out of the boat first. 
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(ii) motorists are advised not to put too much heavy luggage 
on the roof-racks ; 


(iii) a truck loaded with stone or iron sheets is more stable than 
the one loaded with hay.] 


89. Can a man, standing against a wall, so that his left shoulder 
and left leg are in contact with the wall, raise his right leg and in so 
doing not lose equilibrium 2 

Ans. No. A man can raise his right leg and not lose balance 
only in the case when the vertical line passing through his C.G. 
passes also through the sole of his left foot. In the Position described, 
this cannot be so. 


90. (a) Why does on old man, while walking, use a stick for his 
support ? 
(b) Why are the legs of a chair generally inclined outward ? 


(c) Why does a child keep his legs as far apart as he can while 
learning how to walk ? 3 


Ans. In all these cases, the base-area of their support is 
increased so that the vertical line passing through C.G. continues to 
fall within their base even when they are slightly displaced. Thus 
these objects tend to acquire a state of stable equilibrium, 


91. A porter carrying luggage on his head on a level road does no 
work. Then why should you pay him 2? 


Ans. Work is measured by the product of the force (doing 
work) and the distance moved in the direction of the force. 


Her, the force is the weight of luggage acting vertically down- 
ward and in this direction the luggage is Covering no distance as it 
remains at the same height from the ground. Therefore, no work is 
being done by the porter and we should not pay. 


3 But the porter is straining his head to apply an equal and oppo- 
site reaction otherwise the luggage will fall to the ground. Moreover, 
with the increase of normal reaction(=wt. of porter+_wr. of luggage), 
the porter has to work against the increased force of limiting friction 
between his feet and the road. Hence we have to pay him for the 
extra work done against friction on account of luggage on his head. 


92. A body is moving with a uniform speed along the circum- 
ference of a frictionless circular path. » Is any work being done on the 
body ? Discuss. 


Ans. Work is measured by the product of applied force and 
the distance moved (by the body) in the direction of the force. 

Here, the force acting on the body is the centripetal force 
directed towards the centre of the circular path. At every point this 
force is perpendicular to the circular path. Since the component of 
this force at right angles to itself and thus along the direction of 
motion is zero, therefore no work will be done on the body. 
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93. An open beaker is lowered into a vessel containing water, 
once bottom upward, and once bottom downward, both times to the same: 
depth. In which of the two cases will the-work which must be expended. 
on dipping the beaker into water be greater ? 


Ans. When the beaker is dipped into the water, the force which 
must be applied to achieve this will increase with the depth to 
which the beaker is dipped since the up- 
thrust will increase. “However, this force 
will not be the same in the two cases. 


In the first case the air inside the 
beaker is compressed, and the water 
partly enters the beaker (Fig. 1-36). 
Thus if the beaker be dipped to the same 

Fig. 1-36 depth on both occasions, the volume of 
water displaced will be less in the first case, so the thrust will also be 
less than that in the second case. Therefore the force equalling this 
upthrust (that must be applied to dip the beaker in water) is less in 
the first case, and so is the work done by this force in immersing the 
beaker to the same depth. 

94. Will the work’ and power expended by the motor of a moving 
staircase (or escalator) change if a passenger standing on it as it moves 
upwards, himself walks up the staircase at a constant speed ? 

Ans. If a man moves up an escalator at a constant speed, the 
average pressure which he exerts on the staircase will remain un- 
altered and equal to his weight. Therefore the force with which 
the motor must drive the staircase will also remain the same. How- 
ever, a mounting man will reach the top of the escalator sooner and 
therefore the distance travelled by the escalator during the period of 
the man’s climb will be less than when the man is stationary. Hence 
the work done by the motor of the escalator in raising a moving man 
will be less than that done in raising a stationary one (the other part 
of the work is done by the man). 


However the power (i.e. rate of doing work) which has to be 
exerted by the motor remains the same since the reduced amount of 
work will be done in a correspondingly reduced period of time. 


[Note : The work done by the motor will ‘be more if the pas- 
senger is coming down the moving escalator but the power will still 
remain the same.] . 


95. The force-field between a pair of protons is repulsive. Does 
the potential energy increase or decrease as a pair of protons are brought 
together ? F 


_ Ans. Since the force between the protons is repulsive, they 
resist being pushed together, or they fly apart, if released from TeSt- 
When accelerating apart, they are changing P.E. to K.E. There is 
therefore more P.E. when they are compressed and less as they 8° 
apart. The situation is analogous to that of a compressed spring- 


ad 
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96. An aircraft shell has a kinetic energy and a momentum. 
Just then it explodes. What about the momentum aud K.B. of the 
ieces ? 
j Ans. Since no external force acts on the shell, the total mo- 
mentum of the shell must remain unaltered by the explosion. There- 
fore, the vector sum of the momenta of all the pieces will be equal. 
to the momentum of the shell just before it exploded. 


` But total K.E. of the pieces must equal the K.E. of the shell: 
plus the work done (the chemical energy transformed into K.E. of 
the pieces) in the explosion. Therefore it will be greater than the 
initial K.E. of the shell. 


97. Is it correct to state that all our available sources of energy 
originally came from the sun ? Justify your answer with examples. 


Ans. The ultimate sources of supply of energy in repose are : 
(a) fuel, (b) food, (c) head of water, (d) tidal energy and (e) chemical: 
energy. Sources of K.E. are: (a) air in motion and (b) water in 
motion. 

Yes, it is correct to state that these are all ultimately traceable 
to the results of the solar days. 


Wood, coal and oil were originally produced by the sun’s rays, 
which decomposed the carbonic acidin their leåves, setting free the 
oxygen and leaving the carbon for use in the structure (or wood) of 
the plant.* 

By burning a fuel (by the change of chemical energy into 
heat energy), water can be converted into steam which can drive an 
engine and thus energy is supplied. 

Just like fuel, the food} is also used for producing heat and for 
doing work. By its gradua! oxidation, it keeps up the temp. of the 
body and by its provision to the body of a source of energy on which 
the body draws for the performance of work. 


Head of water derives its energy from sun’s rays which at 
some earlier date vaporised the water on the earth’s surface and this 
water returns to earthin the form of rains. This energy stored in 
the head of water can rotate dynamos to produce electricity, which 
in turn can do all sorts of jobs. 

Tidal waves are also produced by the action of the sun and the 
moon upon the fluid. portions of the earth which results in a very 
gradual slowing down of the diurnal rotation of the earth. d 


The air in motion rotates a wind mill. Its energy is also due 
to the heating effect of the sun’s Trays upon the carth’s atmosphere. 
Upon being heated, the air rises and the surrounding cold air rushes 
in—as wind or gale—from surrounding regions. 


*The energy of sun’s rays „has been spent in this process—for less time 
in the case of wood and for many millions of years in the case of coal. 


TIf the food be of vegetable origin, it is derived immediately— like fuel— 


from the sun‘s energetic rays. But if the food be of animal, it has eaten the grass 
(sun’s energy) and we have eaten iis flesh. 
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98. What is friction ? And what is its cause ? 

Ans. Friction is the force of resistance experienced by one body 
when it is made to move over the surface of another body. 

Friction is due to the roughness of the surfaces in contact. The 
surfaces of all bodies are more or less rough and are found to be 
covered with minute projections. The projections on one sur/ace 
appear to fit into the hollows of another, when one rests upon an- 
other. Hence to move one surface relatively to another, force must 
be exerted in lifting one surface sufficiently to clear the projections 
or in breaking some off. 

[Note : A sputnik is sent into orbit above the band of air. When 
the booster rocket has given the sputnik the speed it needs to orbit 
the earth, it falls away. There is no air to slowdown the sputnik, so 
it goes on travelling at the same speed round the earth without get- 
ting any extra power.] 

99, A horse may be enabled to get a better grip on a slippery road 
‘by a man mounting onto its back. Why ? 

Ans. Friction can be increased by two different ways : (i) by 
roughening* the surfaces, or (ii) by increasing the pressure between 
them because the limiting friction is directly proportional to the nor- 
mal reaction between the two surfaces. 

Here, the normal reaction equals the sum of the weights of the 
horse and the man. By mounting the man onto the horse’s back 
the normal reaction increases and hence the limiting friction bet- 
-ween the foot and the ground correspondingly increases. This results 
in a better grip even on a slippery road. 


100. Why is it that when a billiards ball is struck towards the 
underside by the cue, it moves slowy, and when it is struck towards the 
upperside, it at first moves with greater speed ? 

Aus. The ball will move slowly if the force of friction is 
directed against the line of motion and faster if it is acting along 


Fig. 1-37 
the direction of motion. Moreover, the direction of the force of 


friction is opposite to the direction of the velocity with which slipping 


i = ` 
no PT the point of contact B of the ball with the surface 


“A billiard player cannot make a true shot unless there is a force of fric- 


tion betw i 3 3 k 
EEA T the ball and the end of his cue; sohe roughens this by marking it 
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If the ball be struck low with a force P towards the underside, 
the ball starts rotating in clockwise direction (Fig. 1-37-b) and the 
velocity at the point B determined by rotation is in forward direction 
and therefore slipping also occurs in forward direction. As the force 
of friction comes into play and acts in backward direction, the ball’s 
motion slows down. 

If the ball be struck high with the same force P (Fig. 1-37-c), 
the ball rotates in anticlockwise direction. If the ball be struck high 
enough, when its velocity of rotation is sufficiently great (so that 
the linear velocity caused by this rotation at point B is greater than 
the velocity v of the ball’s motion ina st. line), slipping occurs in a 
backward direction. The force of friction comes into play, directed 
along the line of motion, and the ball moves faster. 


101. Jf a locomotive cannot move a heavy train from rest, the driver 
acts as follows : he puts the locomotive into reverse and then, having 
pushed the train back a little, switches into forward gear. Explain why 
this procedure allows the train to be moved forward ? 


Ans. A train usually stops in such a position that the couplings 
between trucks are taut. Therefore the locomotive, if it is to move 
the train forward, must overcome the static friction of all the trucks 
ata time. But ifit pushes the train backwards, first it pushes only 
the first truck and in doing this it has to overcome the static friction 
of one truck. Once the truck has started moving, static friction is re- 
placed by the sliding friction of the ball-bearings in the wheel-axles 
and the rolling friction of the wheels on the rails. These frictional 
forces are much less than that of static friction. Therefore when 
the locomotive pushes the first truck and the second truck 
backwards, it is able to overcome the second truck’s static friction 
and so on. l 

After the whole train has started to move backwards and the 
buffers of all the trucks are compressed, the locomotive changes to 
forward gear. Thenas it tautens the coupling of the first truck, it 
is overcoming at first the static friction of only the first truck, then 
that of only the second truck and so on, until the whole train is 
moving. The compressed buffers between the trucks also help this. 


_ 102. What is the difference between static and kinetic (or dynamic) 
friction ? È 
Ans. The friction between two surfaces which are stationary 
relative to each other is called the static friction while that between 
the same surfaces when one is moving over the other is called the 
dynamic friction. á 
Static friction is always greater than dynamic friction. That 
is why a person wishing to remain on a sloping roof or ice-slope 
must remain perfectly still. The instant, movement is made, friction 
is reduced, often with disastrous results. 
103. Why has a horse to pull a cart harder during the first few feet 
of its motion than later on ? 
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Ans. The reason is two-fold. Firstly, the static (or starting) 
friction is always greater than the dynamic (or kinetic) friction. Tuis 
is due to the interlocking between the projections of one surface into 
the hollows of the other. When the motion has started, there is no 
interlocking as the projections of one surface have no time to fit into 
the hollows of the other and therefore the grip between the two 
surfaces decreases. 


Secondly, during the first few feet of motion, the horse has also 
to produce acceleration to make up speed. Once the speed becomes 
uniform, the force for producing acceleration disappears and then 
the horse has to work only against dynamic friction (which is less 
than the static friction). 

104. Is a large brake on a bicycle wheel more effective than a small 
one ? 

Ans. No. A large brake is not more effective than a small one. 

Since the force of limiting friction is independent of the shape and area 
(or size) of the surfaces in contact so long as the normal reaction re- 
mains the same, therefore for the same applied force the brake will be 
equally effective whether it is large or small. 


But the lever-arrangement of the brakes helps in multiplication 
of the pressure applied by the hand on the brakes and hence the 
increased normal reaction is exerted on the wheel by the brakes. 


105. Why is it particularly dangerous to drive on an icy highway ? 


Ans. A force is required to produce the acceleration associated 
with turning, slowing, and speeding up. This force is developed 
between a car and the earth through the friction between tyres and 
road surface. The force of friction between tyres and ice is very 
small which makes it difficult to change appreciably either the 
magnitude or direction of a car’s speed. Thus, on an icy road, the 
car will maintain its speed and direction despite brakes, throttle 
or steering. 


[Note: Similarly due to reduced friction : 


(i) walking on a marble floor is much more difficult than on 
a cemented floor ; 
(ii) a cyclist moves faster on a marble floor than on a cemented 
floor ; 
(iii) a man can move more freely on a cemented road than on 
loose sand.] 


106. Why can’t you skate on a smooth steel plate as readily as 

on ice? 3 
Ans. The surface of a smooth steel plate has very little 
retarding friction on it in comparison to the smooth surface of ice, 
which develops little grooves under the skater’s feet. The ice thus 
offers greater friction to the feet of the skater and makes it easier to 
skate on it than on the very smooth and slipping steel plate which 
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cannot appreciably change either the magnitude or the direction of 
the skater’s speed. 

107. Why does the pulling of a heavy box become easy when wheels 
are used with it 2 

Ans. This is due to the fact that the sliding friction is far 
‘greater than the rolling friction. In the first case, the sliding friction 
comes into play when we pull the box. In the later case, it is the 
rolling friction that comes into play when the wheels are put under 
the box. 

[Note : Frictional forces do not depend on the radius of the 
wheel but the work against them per revolution is proportional to the 
radius. Hence, less the diameter of the axle on which a wheel turns, 
less the losses due to friction.] 


108. How does oil reduce friction ? And why is the lubrication 
necessary ? 

Ans. When lubricated by such substances as oil or grease, the 
‘surfaces are not in actual contact but are separated by a thin layer 
or film of the lubricant, over which they slide. As the roughness of 
surfaces is smoothened, the force of friction decreases.* Evidently, 
the machine will give a greater output by doing work faster than 
otherwise. 

Lubrication is essential for every machine since in its absence * 
the machinery parts will get heated and this might injure the machine 
or the parts may stick together. 

[Note : On a muddy road, the water provides a thin layer in- 
‘between our feet and the road. This layer serves the purpose of a 
lubricant and therefore the decrease in friction makes us slip on a 
muddy road.] i 

109. “Frictiont is a necessary evil”. Justify this statement. 

Ans. There is no machine without friction. There is also no 
motion without friction. In the absence of frictional forces, it would 
have been impossible to walk, hold a pen, use socks, tie shoe-laces, 
‘drive a car or impossible to stop if once in motion. The brakes of a 
car are also friction devices. 

Wicket-keepers and goalkeepers wear rough gloves so that the 
ball will not slip through their fingers. A spin bowler roughens the 
ball to help his grip. A cricket bat and bicycle handles are fitted 
with grips of ridged rubber or plastic, 


Friction is both a help and a hindrance. It results in wear and 
overheating in machinery but it also makes the working of machines 
possible. Due to its presence, everywhere efficiency is less than 
100% ; but in its absence no work can ever be accomplished. 


*The amount by which the friction is diminished depends upon the quality 
and nature of the lubricant. ; } a m 
Earth along with its atmosphere is spinning around in a vacuum withou 

being A by any friction. Hence its motion does not cease. 
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110. Why is the fast bowler given a new, shiny ball ? 


Ans. There is friction between the air and the ball. A shiny 
ball travels faster (due to reduced friction on account of smooth 
surface) through the air than one that has been knocked about and had’ 
the shine removed. That is why the fast bowler is given a new, shiny 
ball and he polishes it on his trousers so often. 


[Note : The surface of a boat is kept shiny by frequent painting 
and the barnacles are scraped off the bottom.] 


111. Why is a ladder more likely to slip when you are high up on 
it than when you just begin to climb ? 


Ans. When yon just begin to climb, the moment of your 
weight tending to rotate the ladder about its base is small and is not 
sufficient to cause slipping. But this moment continues to increase as. 
you go higher and higher up on the ladder and therefore the chances 
of its slipping also increase. 


112. Both work and moment are computed by multiplying a force 
by a distance. Then why do the products represent different physical: 
quantities ? 

Ans. In the case of work both force and distance can never be 
perpendicular to each other while in the case of moment they can 
never be paralled to each other. Thus the products of distance and 
force in the two cases can not have identical functions and hence the 
products in these two cases represent different physical quantities. 


wee What is a couple? Cana couple be balanced by a single. 
force ? 


Ans. A pair (i.e. two) of equal, unlike and parallel forces having. 
different lines of action constitutes a couple. A couple has the same 
moment about any point in its plane and is equal to the product of 
either force and the arm of the couple. 

A couple cannot be balanced by a single force. Although the 
resultant force of two equal, unlike and parallel forces constituting. 
a couple will be zero, yet the moment of the couple about no point 
is zero. Hence a couple will produce rotation which cannot be 
stopped by the application of the third force. The effect of a couple: 
can be neutralized only through the application of another couple 
possessing equal and opposite moment in the same plane or ina 
paralle] plane. 

114. How are the three kinds of equilibrium connected with the 
O.G. of a body ? 4 

Ans. Since the whole weight of a body acts through its C.G., 
so it will tend to bring the body as low as possible so that its C.G, 
acquires the lowest position. 

Evidently, in stable equilibrium, on slightly tilting the body, 
its C.G. is raised and hence when Iet free, its weight in trying to bring 
the C.G. down to the lowest position brings the body back to its. 
original position. y 
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In unstable equilibrium, on slightly tilting the body, its C.G. is 
lowered. Since the C.G. of a body cannot be raised without applying 
external force therefore when this titled body is let free, the moment 
of its weight tends to bring the C.G. further lower down and hence 
the body moves away from its original position. 


In neutral equilibrium. the C.G. remains at the same height even 
after any amount of displacement or tilting of the body. Hence the 
body neither tends to come back to its original position nor topples 
over. Its changed position is its original position also. 


[Note : In an ordinary dice, C.G. is right in the middle so that 
nobody knows what number will be thrown. If one side is weighted 
or loaded, the dice will fall with the heavy side down on the table. 
The crooked Shakuni of Mahabharata fame loaded his dice so that it 
always threw a high number and thus defeated Yadhushtra.] 


115. Why should not the Leaning Tower of Pisa fall ? 


Ans. (i) Vertical line through its C.G. falls within the base of 
the tower which indicates the stable equilibrium of the inclined tower. 

(ii) And its foundation is sunk deep in the ground. 

116. Can you get up from the chair without moving your feet or 
bending forward ? 

Ans. No. For the man to stand up, the vertical line through his 
C.G. should pass through the area occupied by his feet. Therefore 
when we try to get up we must either bend forward to shift C.G. or 
shove our feet beneath the chair to place our base below C.G. 

117. For a machine, why is its M.A.<V.R. ? 

Ans. For any machine, M.A.=Efficiency x V.R. 

output 
input 

But the output (i.e. work done by the machine) is always less 
than the input (i.e. the work given to the machine) since a portion of 
the input goes waste in overcoming the frictional force or forces. 

BE efficiency <l always; .. M.A.<V.R. 

_ 118. “Whatever is gained by a machine in effort is lost in speed 

or distance’. How can you justify this statement ? 

Ans. According to the law of conservation of energy, the 
energy (or work) is neither created nor destroyed. Hence the work 
‘done by a machine (known as output) can never exceed the work done 


upon it (called input). If we neglect friction or use a perfect machine 
(where friction is absent), then 


while, Efficiency= 


W D 


P. d 


where by applying an effort P on a machine through a distance D, 
ithe load W is raised through a distance (or height) d. Evidently 
if W>P, then d<D 


input = output; or P.D.=W.d or 
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ie. whatever is gained by the machine in effort, is lost in distance 
(or speed since these distances arc covered in the same interval of 
time ż). 

119. (a) Since energy cannot be created from nothing, how is it 
that aman can raise a heavy weight easily if he uses a lever ? 

(b) “Give me a lever of sufficient length and some place to rest it 
and I will move or throw away the earth’. Comment on this statement 
of Archimedes. 

Ans. (a) : See answer to Q. 118 above. 

Hero too, a smaller force (P) moving through a larger distance 
(D) does the same work as is done by a larger force (W) when being 
raised through a smaller distance (d) in the same time. 

(b) : Theoretically, this statement is correct because by the 
principle of a lever : 

(effort) X (effort arm) = (weight) x (weight arm) 
wt. (of the earth) lifted _ _ effort arm 
effort applied weight arm 
Hence even the earth can be moved (or thrown away) if a lever 
of sufficient length is available so that a longer effort arm can be used. 
The applied effort could be the weight of Archimedes himself. 


[Note : But practically, this statement of Archimedes is absurd 
since the place for keeping the fulcrum of the lever cannot be pro- 
vided. This statement simply emphasises the principle of a lever.] 

120. It is much harder to open or shut a door by applying force 
near the hinges than at its outer edge. Why? 

Ans. When the applied force P acts at its edge 
(Fig. 1-38-A), then the door acts as a lever of second type where the 
effort arm (a) is equal to the breadth of the door whose weight W is 


or 


PE. 

wW 

(A) (B) 

Fig. 1-38 

acting through C.G. of the door (i.e. centre ofthe door). Thus 
weight arm (b) will be equal to half the breadth of the door. The 
hinges serve the purpose of a fulcrum. Thus 
W 
BP 


P.a=W.b: or 


a 
con 


awd 
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a en or PW O 


Here actually a=2b, therefore P=W/2 only. 


._ When the applied force P acts near the hinges or fulcrum 
F (Fig. 1-38-B), then the door acts as a lever of third type. Applying 
the principle of work, 


Wa ae 
P.a=W.b or TPAR IDN 
n W ys 
G0, es p<! or P>W + (ii) 


It is evident from the results (i) and (ii) that we have to apply 
a much greater force near the hinges than that at the edge of the 
door to open or shut it. 


121. Why do we cut a banana with our front teeth but a nut with 
back teeth ? 


Ans. A soft thing like banana offers less resistance (W) and 
hence the effort (P) to be applied to overcome this resistance will also 
be small. When we use front teeth, the jaw acts as a lever of third 
order (P being applied by cheek muscles while fulcrum F is near the 
ears) and hence M.A.<! always. Thus P>W. 

But a nut offers a very high resistance and hence the applied 
effort P to break it will be far too greater than what can be applied by 
the front teeth. Hence we convert the jaw into a lever of second order 
by placing the nut between F and P, and thus get M.A.>1. 


122. A man has third types of lever on his body. Is it of any 
advantage ? 


Ans. Since here the movement of the effort is smaller. com- 
pared with that of the load, it enables us to move our hand or leg up 
quickly. 

123. How is any M.A. derived from the winch used for drawing 
water from a well ? 

Ans. Since the effort applied to the handle of the winch moves 
in a much larger circle than that of the drum on which the rope is 
wound, hence a smaller force (=P) acting through a larger distance 
does the same work as is done by a larger force (=W) of the weight 
of the water and bucket when being lifted up through a smaller 
distance. Thus M.A. (=W/P)> 1. 

124. (a) Is there any M.A. derived from a single fixed pulley ? 

(b) If not, then why is a single fixed pulley called a machine ? 


Ans (a) There is no M.A. derived from a single fixed pulley 
because when an effort (P) applied on one end of the rope acts 
through a certain distance (say d), then the weight (W) hanging to 
the other end of the rope passing over the pulley is also raised 
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through the same height or distance d. Hence applying the principle 
of work : 


Pd=W.d; or M.A.=—~=1 


(b) In reality, here M.A.<1 as there will be some friction bet- 
ween the rope and the pulley, and between the pulley and its axle. 
Yet it is called a machine. Actually any device with the help of 
which we can multiply force or gain in speed or change the direction 
of the applied force (in a more convenient direction) is known as a 
machine, 


In the absence of the single fixed pulley, we have to apply the 
effort in the upward direction with the help of our arm-muscles. 
This would have tired us soon. But with the use of the pulley, the 
force is applied in the downward direction which is more convenient 
as it can be applied by the weight of our own body. Thus a certain 
muscular and physiological advantage is gained. 

125. Why is it more efficient for a labourer, to raise bricks up to 
a certain height by the use of a pulley than by carrying them up a ladder 
in a basket ? 

__ Ans. With the help of the rope and pulley, only the load of 
bricks is raised. Hence the output=input if we neglect friction. Thus 
3 _ output Eneo 
efficiency = once x 100=100% 

But when the labourer carries the bricks up a ladder, he has to 
do enough additional work in raising himself also. This work goes 
waste. Thus 

Output=work done in raising bricks only 
Input=work done in raising bricks as well as himself 

* Here, input>> output ; .. Efficiency<<100% 

126. Why is an inclined plane called a machine ? 

Ans, An inclined plane is called a machine because it helps 
in multiplying the force applied on it, Smaller is its angle of in- 
clination, greater will be the multiplier obtained. With this machine, 
we can raise heavy weights to a certain height by applying a small 
force or effort. 

_ 127. Which is more advantageous : (i) to apply force parallel to 
the inclined plane, or (ii) to apply force parallel to the horizontal ? 


Ans. Let 1, b and h be the length, base and height respectively 
of an inclined plane and 8 its angle of inclination. 
(i) When the effort is applied parallel to the inclined plane, its 


1 l 
= 
M.A.*= aa h 


*To increase M.A., the slope can be decreased practically oy zig-zagging 
up the slope. 


oh 
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(ii) When the same effort is applied parallel to the horizontal 
to lift the same load through the same vertical height, then its 


M.A.=cot ga 
h 


Since the length (J) of the plane, which is the hypotenuse of 
the right-angle triangle, is always greater than its base (b), 
beta 
ere 
Hence it is more advantageous to apply force parallel to the plane 
than parallel to its base. 


428. What is the use of sharpening a blade or a knife ? 
Ans. The blade or knife is a kind of wedge whose 
wW 1 
M.A.=—5-= 9 sin (0/2) 

where 0 is the angle of wedge. From the above relation, it is clear 
that M.A. increases when 0 decreases and vice-versa. Since the 
process of sharpening results in decreasing 8, so its M.A. increases and 
therefore less effort is to be applied in doing any job. 


129. Which metal is better for preparing fractional weights in a 
weight box—aluminium or iron ? 

Ans. Aluminium is better than iron for it is a lighter metal 
and the fractional weights made out of it can have a size which is 
‘easy to handle. Moreover, iron gets rusted and therefore its mass 
will increase which is not the case with aluminium. 


130. How will you judge whether a given physical balance* is true 
or false ? 


Ans. Keep its pans empty and move the adjustable screws of 
the arms in-and-out till you find that the balance beam remains 
horizontal and the pointer reads zero. 

Now from the weight box, take two equal weights (say 20 gm. 
each) and place one weight in each pan of the balance. Rotate its 
handle and see what the pointer reads. If the pointer still reads 
zero, then the balance is true, otherwise false. 


131. Can a balance be stable as well as sensitive at the same time ? 
And why ? 
Ans. A balance can not be stable as well as sensitive at the 
same time. The reason is that their conditions oppose one another. 
A sensitive balance requires that (i) the length (say a) of each 


arm should be maximum which is not practicable, (ti) the weight 
(say W) of the balance should be minimum, and (iii) the distance 


*A balance has only three levelling screws because any three points can 
determine a plane, so the balance can be set with its beam horizontal. 
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(say }) of fulcrum of the beam from the C.G. of the beam of the 
whole balance should be minimum. 

On the other hand, a stable balance requires that (i) the beam 
should deflect, before Coming to rest, through a large angle (say 0) for 
no weights or for equal weights kept in the pans so that sin 0 is maxi- 
mum; this requires @=40° which we neither require, other- 
wise the beam will topple down, nor we can have as 9 will be only a 
few degrees for no weighls or equal weights in the pans; (ii) W 
should be maximum, and (#i) h should be maximum. 


‘ Thus we find the conditions (i) and (iii) opposing one another 
in the two cases. 


132. Balance beam is of a broad strip and then holes are drilled 
in it. Why is it so? 

Ans. For senstiveness the beam should be light. Ifwe take a 
thin strip, it will not be rigid. By this arrangement of the beam, the 
balance will be both—sensitive as well as rigid. 


133. Why does a glass or steel ball, dropped on a stone floor, bounce 
higher than a stone marble ? 


Ans. Because when the glass or steel ball strikes the floor, it 
is slightly flattened at the point of contact, and as both these mate- 
rials strongly resist this flattening, they instantly regain their former 
shape, with the result that they immediately spring off from the 
ground. The stone marble ‘has only a feeble tendency to 
regain its original shape and thus does not rebound with the same 
force as do the steel or glass balls. This tendency to recover original 
shape is known as elasticity. 

134. Which is more elastic—steel or rubber ? And why ? 

Ans. Steel is more elastic than rubber. 


The elasticity of length (known as Young’s modulus) is defined 
as equal to that tensile stress which will produce unit tensile strain 
i.e. which will extend the given material to double of its original 
length. Therefore, if we take two wires—one of steel and other of 
rubber—of same length and same cross-section, then much more 

[weight or force will be required in the case of steel than that of 
rubber so that the lengths of their wires become double of the origi- 
nal length. Since stress=force per unit area, therefore greater force 
will give greater tensile stress ; hence the result. 


135. Glass is harder than lead, yet a glass vase is more easily 
broken than a leaden one. Why is this so? 

Ans. Hard bodies are always elastic ; elastic bodies are not 
necessarily hard, nor are they necessarily brittle, nor are soft bodies 
necessarily plastic. The glass vase breaks because it is elastic beyond 
the limits of its cohesion. 


136. Is there any effect of drawing, hammering or annealing on 
elasticity of a given specimen ? If 80, what and why ? 


po 
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Ans. Yes. These treatments affect the elastic properties of the 
specimen. While drawing and hammering tend to decrease the elastic 
limit, annealing tends to increase it. 


This is due to the fact that the elastic properties of a substance 
are inter-related with its fine structure. For instance, metals are aggre- 
gates of numerous fine crystals. Drawing and hammering try to set 
them at random inside the material, hence elastic limit is lowered, 
while annealing tends to put them in well-ordered directions and 
consequently the elastic limit is increased. 


137. Why are crane chains periodically heated. ? 


Ans. Due to constant use, the crane chains get elastic fatigue: 
and try to become brittle. The chains are periodically heated up 
in order that they may recover their normal strength. 


[Note : Similarly we can explain the cause of snapping of 
railway truck axles which become more brittle as they are subjected 
to constant shaking and knocking-] 


138. How does the elasticity of a substance depend upon temp. ? 


Ans. The clasticity of a substance is dependent on its temp. 
For example, if a weight is suspended from an India-rubber cord, the 
cord contracts if the temp. rises and lengthens if the temp. falls. It is 
explained by saying that rubber contracts when heated, but the real 
explanation is that rubber is less extensible when hot than it is when 
cold. 

[Note : Some nickel-steel alloys, e.g. elinvar, are materials. 
whose elasticity is practically independent of temp. Elinvar =El-+ 
invar, where ‘El’ is the short form of ‘Elasticity’ and ‘invar’ is the 
short form of ‘invariable’.] š 


139. Two identical springs —one of steel and the other of copper 
-- are stretched by an identical amount. On which operation must more 
work be expended ? 


Ans. Young’s modulus is greater for steel than for copper. 
Therefore, if the springs are of equal dimensions and are to be 
stretched by the same amount (or through the same distance), a 
greater force is necessary for the steel spring than for the copper one. 
As work done=force x distance, therefore more work is done in 
stretching the steel spring. 


[Note : More work will be expended on the copper spring if 
both the springs are stretched with identical forces because then the 
copper spring will extend by a larger amount ] 


140. A spring is put into a large tube and occupies the tube's full 
length when not subjected to outside forces. A sphere is placed on top 
of the spring and compresses it to approximately half its previous length. 
Then the tube begins to fall in an inclined position. What will happen. 
to the sphere ? 
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Ans. So long as the tube is stationary, the sphere lies in the 
tube and the elastic force F of the compressed spring acts on it 
(Fig. 1-39-a). But, when the 
tube begins to fall freely, the 
sphere first of all falls with 
less acceleration than the 
tube (because its weight is 
partly balanced by the 
vertical component of F) 
and lags behind it; the 
spring expands. Asa result 
of the effect of the spring’s 
elasticity, the sphere not 
(a) Fig. 1-39 (6) only lags behind the tube in 

a vertical direction but also 
acquires velocity in a horizontal direction AB (=component of 
F in this direction). Therefore it will appear at the mouth of the tube 
-with a certain horizontal velocity and will simultaneously be acted 
upon by the force of gravity. Hence the sphere will fall along a 
parabolic path AD onward (Fig. 1-39-b). 


141. (a) What is viscosity ? (b) What is it due to? (c) How dos 
at affect the design of ships, cars, etc. z 


Ans. (a) : Different fluids take “different intervals of time to 
exhibit their fluidity, The flow of all the liquids is resisted in varying 
degrees and against the external force some internal force comes into 
play. This internal resistance offered by fluid against the external 
force trying to change its state is known as the force of viscosity or 
‘simply viscosity. 

(b): The cause of viscosity is that different layers of a flu’d 
move with different velocities. Thus there exists a relative motion 
between any two layers of a fluid and it results into an internal friction 
produced between any two layers in contact. This internal friction 
“hinders the flow of fluids, and is an inherent property of all fluids 


(c): Design of ships, cars, aeroplanes, jets, etc. depends upon 
viscous resistance offered by sea-water and air. To reduce this resis- 
tance, the front portion of all means of transport is kept narrow. 
This is known as streamlining. 


142. (a) What is the difference between cohesional and adhesional 


forces ? (b) How does it help in explaining the fact that m 
not wet glass while water does ? ercury does 


Ans. (a) The force of attraction between the molecules of the 
same kind is called cohesion. It is this force which keeps the mole- 
cules of the same substance together. On the other hand tHe force 
of attraction between molecules of different types is called adhesion 
At is this force that keeps two substances together. g i 
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(b) : The force of adhesion between the molecules of glass and: 
mercury is less than the force of cohesion between the molecules of 
mercury. Hence, mercury does not wet glass. Onthe other hand, 
the force of adhesion between the molecules of glass and water is 
more than the force ef cohesion between the molecules of water ;, 
hence water sticks to glass or wets it. 

143. An ordinary steel needle can float on water. How and why ? 


Ans. It is due to surface tension on account of which the free: 
surface of a liquid behaves as a stretched membrane. 


Place a long and thin steel needle on a piece of blotting paper’ 
floating on water. As the paper sinks down after soaking water, the 
needle (covered with a very thin film of grease from our hands), 
continues to float on the surface of water. If the water-surface 
breaks, the needle will quickly sink down. This can be seen by gently 
pushing one end of the needle just below the surface. 


144. Why do spiders and insects move and run about freely on the 
surface of water without sinking, although they are heavier than water ? 


Ans. It is due to surface tension (of water) which keeps the 
surface of a liquid like a stretched membrane. The force of surface 
tenison is measured per unit length of the surface. By extending 
their fibres to full length, the insects bring into play enough upward 
force of surface tension which supports the weight of insects. 

If you place an insect on the water surface after cutting its- 
fibres, it will sink, 

145. A tiny boat which has a piece of soap or camphor attached 
to its stern begins to move forward when placed on the surface of water. 
Why ? 

Ans. The soap or camphor* dissolves in water and the surface- 
tension of this solution is less than that of water. So water pulls the 
solution and along with it the boat moves forward. 


After some time the whole surface of the water is contaminated 
and the boat ceases to move. 


[Note : Similarly, (7) the oil spreads over the surface of water 5. 


(ii) Specks of soot and splinters of wood move to the side of a 
bowl when soap is dipped into the middle of the water ; 

(iii) Rescues at sea are sometimes made possible by pouring oil 
on the water ; the reduction in the surface tension makes the large 
waves break up and has a local calming effect.] 


146. How do the rain-proof materials work ? 


Ans. Threads of rain-proof materials are treated with subs- 
tances which have little attraction for water particles. Therefore, 


*Camphor does not dissolve equally in all directions anda sonit is daw 
away from the side where momentarily it is dissolving most rapidly. That is 
why small camphor shavings dropped into pure water begin to dance about in 
rapid agitation. 
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the theads do not become wet and the surface tension membranes on 
the rain-drops prevent waier from running through the spaces bet- 
ween the threads. 

If we touch the inside of a rain-proof tent during rain with a 
wet finger, we have broken the surface tension membranes of the 
‘drops and allowed them to wrap round on the inside of threads. 
Then water drops will start coming through the spot we have 
touched. 

[Note : Similary, (i) the fabric of an umbrella, although porous, 
is impervious to rain ; 

(ii) a drop of water remains for some time on the surface of a 
dry cloth before being absorbed, but a similar drop on a damp cloth 
is rapidly absorbed.] 

147. Can you separate water from petrol with the help of a sieve ? 

Ans. Yes. When the mixture is poured over a sieve with fine 
holes in it, the petrol will go through the holes due to its low surface 
tension, but the water will not as it has a high surface tension. 

148. (a) Why are liquid-drops spherical ? 
(b) Why are bigger drops elliptical ? 

Ans. (a) : This is due to surface tension whose tendency is to 
make the surface as small as possible. For a given volume, a sphere 
Possesses the smallest surface. Therefore, the surface tension acting 
equally in all directions will bring the liquid-drop to a spherical 
shape. 

(b) : But as the size of the drop is increased, the increase in its 
weight (or volume=$zr*) is greater than the corresponding increase 
in the total force of surface tension (or surface area=4rr?). Hence a 
‘big drop assumes the shape of a flattened ellipsoid. 


[Note : Similarly answer : How are the (spherical) lead shots 
manufactured ?] 
149 (a) A drop of oil slighty denser than water can float on water 
and it is then lens shaped. ; 
(b) Buta drop of the same oil formed under water has nearly 
spherical shape and it sinks slowly to the bottom. Explain. 


Ans. (a) : See answer to Q . 148 above. 


(b): When the oil-drop is formed under water, the force of 
buoyancy of water nearly balances the weight of drop which then 
acquires aspherical shape on account of surface tension. And 
because it is slightly denser than water, it then sinks slowly to the 
bottom. 

150. Why does water rise in a capillary tube* while mercury is 
depressed ? 

*If the capillary tube is smaller than the height to which water can rise 


in it, the water will rise upto the top of this tube and will spread on the top as- 
-suming a convex meniscus of greater radius. 
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Ans. This phenomenon of capillary tube is called capillarity 
and is due to surface tension. A liquid rises or is depressed in the 
capillary tube according to whether it wets or does not wet the tube. 


Water wets glass and so a film of water is formed on the inner 
surface of the glass capillary as the force of adhesion is greater than 
the force of cohesion. The water film tends to contract due to its 
surface tension and therefore the surface of water is drawn up along 
the circumference of the capillary tube [Just as a circular piece of 
cloth pulled upwards along its circumference will go down at its 
centre, so also will the water surface in this tube.]. It has thus a 
concave meniscus. The film then goes up at some, other place and 
again due to contraction draws the water surface still higher. This 
goes on till the weight of the water supported is equal co the furce 
of surface tension. 

On the other hand, mercury does not wet glass. The force of 
cohesion between the mercury molecules is greater than the force of 
adhesion between the mercury and glass molecules, Hence mercury 
is depressed* and has a convex meniscus. 

[The capillary rise or fall ina tube is inversely proportional to 
the diameter of the tube.] 

[Note : Same reasoning applics to answer the following : 


(i) Why does oil rise in the wick of a lamp? 
(ii) Why is a pen split at the point ? 


(iii) Why does a blotting} paper absorb ink? (When the ink 
reaches the paper, capillary action causes it to soak into the holes in 
the surface, which is why an ink mark is so difficult to rub out. A 
pencil mark, on the other hand, is dry and so can easily be rubbed 
off the surface.) ] 


4 151. Often, capillary attraction is a nuisance for which allowance 
ts to be made. Cite a few examples. 

Ans. Often capillary attraction is a nuisance and we spend 
much time and money in preventing water from travelling along 
narrow ‘tubes’ in various materials. For example : 

, (2) Wooden doors and window-frames would swell and stick 
if we did not paint them with paint, creosote, etc. 


(ii) Cloth is waterproofed in various ways to prevent it from 
soaking up water. A mackintosh has a thin layer of rubber ; oil 
skin is soaked in oil ; and a tarpaulin is cloth which has been treated 
with tar. 


(iii) Cups and basins must be glazed to seal the tiny holes in 
pots and to prevent them from “running”. 


*That is why a blotting paper does not absorb mercury. 
Drying of hands by a towel and retention of water by a sponge are further 
examples of capillary action. 
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(iv) Bricks too are full of holes which allow water to rise up the 
walls of a building from the ground. So that the building will not 
become damp, a layer of slate or asphalt (called damp course) is laid 
between two rows of bricks. 


152. Why is hoeing of the garden essential, particularly in dry 
weather ? 

Ans. It is also on account of the nuisance caused by capillary 
attraction. In dry weather, water rises up to the topsoil from the 
soil below and through the capillary tubes in soil. By hoeing the 
garden, we can break up these narrow spaces and then keep the 
water in the lower soil where it will benefit the roots of our plants. 


153. Why can’t we make a sand pie with dry sand ? 


Ans. If we use wet sand, the surface tension of water holds. 
the grains of sand together. The dry sand pie collapses, as soon as the 
bucket is removed, in the absence of any binding force. 


154. Why are the wings of an aeroplane made convex on the upper 
surface and concave on the lower surface ? 


Ans. According to Bernoulli’s Theorem, for any fluid in motion, 
the sum total of its potential energy (=m.g.h), pressure energy 
(=/.d.g) and kinetic energy (=4m.v?) remains constant. As these 
energies are mutually convertible, so a loss in one will result in gain. 
in others. Assuming that ata given height, P.E. remains constant, 
then a decrease in the velocity of a fluid (so that its K.E. decreases). 
will bring an increase in pressure and vice versa. 

Due to the convexity of a wing on the outer side, the boundary 
line of the upper surface becomes greater than that of the lower 
concave surface. Therefore, the relative velocity of the air above 
the surface of the wing becomes greater than that at its lower surface. 
As the K.E. of the moving air above the surface increases, the pres- 
sure above the surface becomes less than the pressure below. On 
account of this difference of pressures, the lifting power of the aero- 
plane increases. ; 


155. Why is it easier for a N- shaped tin roof of a house to be 
blown off in a dust storm ? 


Ans. Same as for Q, 154 above- 
_ 156. Why is it dangerous to stand near a railway line when a train 
18 passing by ? 

Ans. Same as for Q, 154 above. 


Nhe velocity of the train (increases K.E.) partially decreases the 
air pressure in the region between you and the train. So the outer 
pressure will push the viewer towards the train. 


work ? 


157. How does a perfume atomiser or a spray or a flit pump 


el Se eee 
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Ans. Its working is based on Bernoullis theorem. As air is 
blown through a narrow tube A over the top of another tube B dipped 
in the liquid (Fig. 1-40), K.E. of air increases < 
over the top of B, thereby decreasing the pres- 
sure there. Since this pressure is less than the 
atmospheric pressure, the liquid rises up the 
tube B until at the top it is blown into a fine 
spray by the forward-rushing air. The harder 
the experimenter blows, the finer are the 
droplets. 


[Note : Carburettor in a petrol engine 
works on this principle.] Fig. 1-40 


158. Is it possible to blow a filter paper, fitted into a funnel, out 
of the funnel when blowing from the narrow end ? 


Ans. It is not possible. The harder you blow, the more strongly 
is the filter paper drawn into the funnel. According to Bernoulli’s 
theorem, the pressure in a stream of air is lowered where the stream 
is narrower. Therefore the pressure is lowered in the narrow gap 
between the filter paper and the glass funnel, and the pressure of the 
air from outside holds the filter paper in the funnel more tightly. 


[Note : Similarly we can answer: to separate thin pieces of 
paper from one another, it is enough to blow sideways on the edges of 
these pieces. | 


159. What is the effect of spin on a tennis or cricket ball in 


flight ? 

Ans. The effect of spin on the ball in flight is to move it along 
a curve so that the ball drops faster than usual. Generally the ball 
P is made to spin in clockwise direc- 
1 tion. Fora moment, let us imagine 
the ball standing still but spinning 
a so that the relative velocity is 
; created between the ball and the 
air. It produces a wind coming 
from the front side. At the top 
surface where the wind and the ball 
T are moving in opposite directions 
' PATH OF GALL he air is ‘owed Rer by frictions 
B giving rise to a high pressure (Py) 
Fig. 1-41 region (Fig. 1-41). On the underside, 
A the surface moving with the wind 
keeps the velocity high, thus creating a low pressure (P.) region. The 
resultant downward force thus causes the ball to drop faster than 

usual and thus deceives the player. 


160. Why does a vertical stream of water or air support a ping- 
pong ball ? 
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Ans. Here the jet of air blows past one side of the ball with 
a much higher velocity than the other so that the pressure in the 
stream of air becomes less than atmospheric pressure. The atmos- 
pheric pressure acting from the other side pushes the ball against the 
stream. 

[Note : Similarly the ping-pong ball kept in an inverted funnel 
will not be blown off when you blow harsh through the stem of the 
funnel. ] 

161. When you sland on loose stand, your feet sink deeply into 
it butif you lie down on it, your body sinks in very little. Why is 
this ? 

Ans. This is due to the difference in the magnitudes of pres- 
sure in the two cases. Since 

thrust or total force 
area on which thrust acts 
therefore for the same thrust, pressure will be less when area is more 
and pressure will be more when area is less. In the given problem 
here, the thrust is equal to the weight of the man. When he stands 
on his feet, the weight of the body acts on the area covered by his 
feet. As this area is small, the pressure exerted on the sand becomes 
large and hence our feet sink deeply in it. On the other hand, when 
he lies down flat on the sand, the weight of the body acts ona much 
greater area and hence the pressure decreases. This causes the body 
to sink in very little. 
[Note : Similarly answer the following questions : 
(i) Why is it easier to push a pin into wood than it is to push an 
tron rod ? 

(ii) Why is a broader base used under the spiked wheels of a tank ? 

(iti) Why are rails fixed over wooden sleepers ? 

(iv) Why is it pleasanter to sit on a chair having a concave seat 
than on a flat-topped stool though both are of wood ? 

A sofa bed is still better since we make depressions that conform 
to the uneven shape of our bodies. Pressure is thus distributed evenly 
with a few gram/sq. cm.] 


162. If a finger is placed under a tap which is turned fully on 
so that only a small opening is left, the water will gush out with a 
greater velocity than when the tap is free to flow normally. Why does 
this happen ? 

Ans. The water in a water-main is under pressure (raised to 
several atmospheres). As the water flows along the pipe, this pressure 
is gradually reduced on account of viscosity until it is nearly the same 
as atmospheric pressure, at which it flows out of a fully open tap. 

If the the tap is covered with a finger, the flow of water in the 
pipe ceases and so there will be no fall of pressure inside the pipe- 
Therefore, the water which passes through the opening still remain- 


pressure = 


-a 
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ing will be subjected to the full pressure of several atmospheres 
existing in the water-main. The thin stream of water forced out by 


this high pressure thus acquires a much greater velocity than that of 
a fully open tap. 


163. Why is a dam* built broader at the bottom than at the top ? 


Ans. For any fluid of density d and height %, its pressure is 
given by : 
P=hdg 
Since P oc h, the pressure of water is very large at great depths. 


Therefore, the lower part of the dam should have greater thickness 
so that it can withstand the high pressure of the water there, 


164. (a) Vessels A and B of equal height contain CO, and H, 
gases respectively. Pressure-gauges G, axd Gy register equal pressures, 
In which direction will gas flow if the valve K be opened (Fig. 1-42) ? 


(b) What will happen if the same experiment is carried out with 
vessels turned upside down so that the pressure-gauges are underneath ? 


Ans. (a) : The pressure on the valve K from either side will 
not equal the pressure registered on the gauges. 


we must add the pressure of a column 7 s7 

of gas=hdg where d is the density of Das A 
the gas. Since the density of CO, is -p ——"- SA 
greater than that of H,, the pressure | | 

on K from CO, side will be greater | 

than that from H, side. Evidently, >| A E 


when K is opened, a part of Cop will + 
pass into the vessel B containing Ho. 


(b) ; In this case, the pressures x ; 
at K will be kdg less than those | co, Sa o | ma 
registered by the gauges If the +& 
pressure gauges read the same, then Fig. 1-42 : 
the pressure from A side on K is greater thag that from CO, side, 
and when K is opened, part of H, will pass into A containing COQ,. 

159. Can you lift a man with the help of a few grams of water? 
If yes, how ? 

Ans. Yes ; a man can be lifted up with the help of a few grams 
of water or any other liquid. This pheao- 
menon is known as hydrostatic paradox and is 
a direct application of Pascal’s Law accord- 
ing to which every liquid (and gas) transmits 
pressure equally in all directions. 

Let us take a U tube having A and B 
columns of unequal cross-sections — A being 


Bi ose See 


"The face of the dam towards water reservior should be convex so that 
the dam is forced tighter together as water pushes against its face. 
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quite narrow and B quite wide (Fig. 1-43). Bis fitted with a water- 
tight piston. Fill the tube with water and let the man stand on the 
piston with a beaker of water in his hand. Water in A rises a bit up 
and then its level becomes stationary. As this man starts pouring 
water in A, his piston starts rising up. If at any instant, the diff- 
erence of levels of water in A and B be h and @ be the density of 
water, then the downward pressure exerted by this height of water 
in Ais: 
P=h.d.g 

This pressure is equally transmitted by the water in all direc- 
tions and hence it acts on the piston of B also. Ifthe radius of this 
piston be r, then 

upward thrust acting on the piston=(h.d.g) X zr? 


When this upward thrust is greater than the downward-acting 
weight of the man, he starts rising up. 


166. Will a hydraulic press work if its cylinder be filled with a 
gas instead of a liquid ? 


Ans. Yes ; the press can work with gas also because Pascal’s 
law is valid for gases as well as for liquids. [But its efficiency will 
be greatly reduced since a major part of the work done will be 
expended on compressiag the gas.| 


167. Will the working of a hydraulic press be affected if a body 
is floating on the surface of the liquid in one of its columns ? 


Ans. Ifd be the density of the liquid and h the difference of 
liquid-levels in the two columns, then the pressure which is trans- 
mitted through the liquid filliog the columns of the press is given by 

P=hdg 

According to the law of floatation, the weight of a floating body 
- “is equal to the weight of the liquid displaced by its immersed part. 
Therefore the level of the liquid {and hence the difference of liquid 
levels=h) will not change if the floating body is replaced by the 
volume of the liquid displaced by the immersed part of the body. 
Hence the working of the press is not affectal as the effective pressure 
remains constant. 


168. In order to raise the level of aliquid in a vessel by means 
of a pump, carlain amount of work must be done. Will the amount of 
work required for this be altered if a body is floating on the surface of 
the liquid ? 


Ans. When a body is floating on the surface of a liquid, then 
according to A.P., its weight is equal to that of the displaced liquid. 
Thus, if the body be replaced by an equal weight of the liquid, the 
level of the liquid will not be changed. And therefore the amount 


of work required to raise the level of the liquid through a given 
height will not change. 
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169. (a) A pizce of ice is floating on water in a beaker. When it 
melts completely, will the level of water (i) go up, (ii) go down or (tit) 
remain the same ? 

(b) What will happen if the beaker is filled with (i) a liquid 
heavier than water, (it) a liquid lighter than water ? 

Aas. (a) : According to A.P., the weight of floating ice equals 
the weight of water displaced by its immersed part. Therefore, the 
volume of water which will be formed as the ice melts will be exactly 
equal to the volume of displaced water and the level of water in the 
beaker will remain unaltered. 


(b) When the beaker contains a liquid heavier than water, as 
the ice melts the water so formed will have a greater volume than 
that of the liquid displaced by the ice. Therefore, the level will go up. 
Evidently the reverse will happen when the beaker contains a liquid 
lighter than water and the level will fall. 


170. (a) A piece of ice is floating in a beaker containing water 
and inside the ice is a piece of iron. Will the level of the water in the 
beaker be altered when the ice melts ? (b) What will happen if there is 
not iron but air bubbles inside the ice ? 

Ans. (a) : Since the piece of ice containing iron weighs more 
than a piece of pure ice of the same volume would do, it sinks lower 
in the water than piece of pure ice and displaces a greater volume of 
water than will be formed as the ice melts. Therefore, when the ice 
melts, the level of the water will fall. 


(b) : If there are air-bubbles in the ice, the piece of ice will weigh 
less than a piece of solid ice of the same volume and therefore it will 
not sink so deep as a solid piece of ice of the same volume. However. 
since the weight of air bubbles can be ignored, the piece of ice dis- 
places the same weight of water as its own weight. Hence when the 
ice melts, the level of the water will not change when the air-bubbles 
escape from water. (Before the air-bubbles escape from water, the level 
will definitely go up). 


171. A brass bob was weighed along with the beaker of water. The 
bob was then suspended in water from the hook of the stirrup. Will 
equilibrium be affected ? . 

Ans. Fig. l-44 (a) shows a beaker of water wei, vi 
a brass bob ir air. vies this bob is eaan yaa 
suspended in the water of the same 
beaker (Fig. 1-44-b), beam still remains 
horizontal and the equilibrium is not 
disturbed. Itcan be explained in two 
ways : 

(1) With whatever force the bob 
acts on water oron the bottom of the 
beaker, with the same force the water 
reacts and pushes the bob up (Newton’s 
third Jaw). This force of reaction acts 
along the thread. Thus the apparent 
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loss in weight of the bob is made up fully by the force of action. 


(2) Notice the level of water in the beaker. In the second case, 
the level of water goes up since the bob has diplaced an equal 
volume of water. This increased height of water increases the 
downward thrust of water on the beaker or the pan and fully com- 
pensates the loss of weight of the bob. 


[Note : The pan will sink down if instead of the bob you dip 
your finger in the water.] 
172. If in Q. 171 above, the bob was suspended in water with 


the help of an outside stand, what will happen to the equilibrium of the 
balance beam ? 


Ans. Fig. 1-44 (a) shows a beaker of 
water weighed along with a brass bob in air. 
Without removing the weights from the other 
pan of the balance, when we suspend the bob in 
water with the help of an external stand 
(Fig. 1-45), this pan sinks dvwn. The reason is 
that the force of buoyancy acts through the 
thread and becomes ineffective for this pan 
while the downward action of the bob or the 
increased thrust of water due to the increased 
height of water in the beaker pushes the pan 
downward. 


[Note : The apparent increase in weight 
$ of the bob will be equal to the weight of an 
Fig. 1-45 equal volume of water. ] 


173. On one scale pan of a pair of scales is a beaker containing 
water, and on the other is a stand from the arm of whicha brass bob is 
suspended. While the bob is not in the water, the scales are in equili- 
brium. Then the thread is lengthened so that the bob is entirely immers- 
edin the water. As a result, the equilibrium is destroyed. What 
should be done to restore equilibrium ? 


Ans. In the beginning when equilibrium was gained with the 
bob outside the water, the total weights in the two pans were equal ; 
that is 

wt. of (beaker+water) in 
A=wt. of (stand+bob) inB _ ...(?) 


But when the bob was fully 
immersed in the water of the 
beaker (Fig. 1-46), Archimedes’ 
principle came in the picture. 
An upthrust is thus exerted by 
the water on the bob and is equal 
to the weight of an equal volume 
of water (displaced by the bob). 
This force reduces the tension in Fig. 1-46 
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the thread* from which the bob is suspended. Therefore. 


total wt. in B=(wt. of stand)+(wt. of bob) 
—(wt. of displaced water) skii) 
But, according to Newton’s third law, the bob immersed in 
water will exert a force on the water equal to the upthrust and this 
is transmitted by the water in the beaker to the pan A. This 
additional force is apparent as the level of water in the beaker is 
raised by the immersion of the bob and thus the pressure on the 
bottom of the beaker increases. Therefore. 


total wt. in A =(wt. of beaker) +(wt. of water) + 
(wt. of displaced water) _... (iii) 
From eqs. (i), (ii) and (iii), it is evident that the total wt. in A 
is greater than the cotal wt. in B and equilibrium can be restored 
by placing in B a load equal to twice the wt. of volume of water dis- 
placed by the bob. 


174. Why does a bucket of water appear lighter when under water 
than when out of it? 


Ans. As long as the bucket full of water remains under water, 
it is being pushed upward by the force of buoyancy of water. This 
upthrust or buoyancy is equal to the wt. of the water displaced by 
the bucket. This not only nullifies the wt. of water filling the 
bucket but also decreases the wt. of the bucket also. Thus we ex- 
perience a weight less than the wt. of empty bucket itself. 


On the other hand, when the bucket comes out of water, we 
experience the wt. of not only the bucket but also that of the water 
filling it since the force of buoyancy of air is much less. Hence there 
is so much difference in the wt. of the bucket of water under these 
two conditions. 


175. How is it possible for a fish to move up and down in water 
so freely ? 

Ans. The body of a fish has several air bags. The weight of 
the fish acts downward while the upthrust or buoyancy (=the weight 
of water displaced by the body of the fish) acts upwards. When a 
fish wants to go to the bottom, it squeezes out air from its bags and 
thus decreases its volume. This reduces the force of buoyancy and 
the fish starts sinking down. On the other hand, when the fish wants 
to move towards the surface, it sucks in air dissolved in the water of 
lake, sea or pound, and thus increases its volume. This increases the 
force of buoyancy and as its downward weight remains nearly same, 
the fish starts coming upward. 

[Note : Submarine also works like a fish but it increases or 
decreases its weight by drawing more water in or out of its body. By 
adjusting its weight equal to buoyancy, it can stay any where within 
water. Fish is also capable of doing so.] 


*Silk thread is preferred to cotton thread because the later sucks up 
ome w due to capillarity and therefore there will be a slight increase in the 


weight. 
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176. A ship made of steel can float on water while a solid steel 
sphere sinks down. How does it happen ? 

Ams. According to A.P., a body experiences an upward 
thrust when immersed in water (or any other liquid) and this force 
is equal to the wt. ofthe water displaced by the body. In the case 
of a solid steel sphere, the upward force of buoyancy of water is much 
less than its wt. acting downward. Hence the solid steel sphere sinks 
in water. 

But in the case of ship, its body is so shaped that it displaces a 
larger quantity of water and therefore experiences an upthrust greater 
than its weight. Therefore, it floats on water such that its weight is 
equal” to the weight of water displaced by its immersed part. Thus 
the rest of the portion of the ship stays outside the water. 


177. A ship sinks into the sea. Is it possible that it may not 
reach the sea-bed at all ? 
Ans. It is not possible. 


A ship sinks into the sea-water because its weight is greater 
than the weight of water displaced by it. This resultant force (=wt. 
—upthrust) gives the ship a downward acceleration and therefore 
its downward velocity goes on increasing. When the ship sinks faster, 
force of friction offered by water becomes greater and so its accelera- 
tion becomes less. Ultimately, the ship attains a velocity where the 
force of friction becomes equal to the wt. of the ship and hence 
the resultant downward force becomes equal to zero. The ship then 
has no acceleration but sinks with a constant velocity} and reaches 
the sea-bed. 

178. A piece of wood released at the bottom of tank rises to its 
surface and floats there. But a gas-filled balloon, when released, does not 
ascend to the top of the atmosphere. Why should it happen ? 

Ans. Since the water throughout the depth of the tank has the 
same density, hence when a piece of wood is fully immersed in water, 
it experiences a constant upthrust equal to the weight of water dis- 
placed by it. As upthrust is greater than the wt. of wooden piece, it 
rises till it reaches the surface. Here, to gain equilibrium, a part of 
it comes out of water so that its weight becomes equal to the wt. of 
water displaced by its immersed part. 

But the density of the atmospheric air goes on decreasing as the 
gas-filled balloon rises higher and higher- till it reaches a height 
where its weight becomes just equal to the buoyancy of air (i.e. equal 
to the wt. of the air displaced by the balloon). It cannot rise further 
and starts moving in the direction of the wind. 

179. Why does a body weigh more in vacuum than in air ? 

Ans. Archimedes’ principle applies equally to both liquids and 
gases. Accordingly, the body experiences an upward thurst equal to 


*Thus the apparent wt. of a floating body is zero. 
This velocity is known as its terminal velocity. 


—— 
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the wt. of the air displaced by it. This upthrust decreases the true 
weight of the body when weighed inair. In vacuum, there is no 
upthrust as in the air. Hence a body will weigh more in vacuum than 
in air. 

180. Why does a sinking ship often overturn as it settles in the 
water ? 

Ans. The reason is that the conditions of stability for a body 
floating on the surface of water and for a body totally immersed in 
water are different. 


For a stationary ship, the centre of gravity G of the ship and the 
centre of buoyancy B of the displaced volume of water will both lie 
on ship’s plane of symmetry CD. In that position the weight W of 
the ship acting downward through G@ and the force F of buoyancy 
acting upward through B will act in the same line of action and their 
resultant will be zero. But when the ship slightly heels over (Fig. 
1-47-a), for the ship to be stable it is necessary that these two forces, 
W and F, constituting a couple, should have a moment capable of 
restoring the ship to its position of equilibrium. For this purpose, 
the meta centre M must lie higher than the centre of gravity G of the 


ship. 


Fig. 1-47 


But if the ship is entirely immersed in water (Fig. 1-47-b), some 
water gets in and ©.G. of the ship is raised. Here the centre of 
buoyancy B lies in ship’s plane of symmetry CD. Since now the 
meta centre M lies below G, the moment of the couple (W and F) 
turns the ship still farther from its position of equilibrium and the 


ship overturns . 


181. Burning kerosene oil cannot be extinguished by pouring water 


on it. Why ? 

Ans. Water is heavier than kerosene oil. When we pour 
water over it, it sinks and therefore it cannot prevent the air 
(for the supply of oxygen) from coming in contact with the burning 


oil. 


106 SHORT ANSWERS AND OBJECTIVE 1YPE QUESTIONS IN PHYSICS. 


182. When a ship passes from the fresh water of a river into the- 
sea, does it rise higher or sink lower ? 


Ans. S.G. ofthe salty sea-water is more than that of the 
fresh water. To balance the downward weight of the ship, it should 
displace less volume of heavier liquid and more volume of a lighter 
liquid. Hence the ship will rise higher when passing from. the river 
into the sea. 

[Note : For the same reason, it is comparatively easier io swim 
in sea than in river.) 


183. Why does nobody get drowned in the Dead Sea in Palestine ? 

Ans. In the Dead Sea, there is a great evaporation of water 
due to its being below the sea-level and it is also in a hot region. 
Hence it has very high salt contents. Its S.G. is so high that a man 
does not get easily drowned in it as the upthrust will also be large. 


184. A lactometer* can be easily duped while testing the purity of 
milk. How ? 

Ans. If we take out cream from milk, the skimmed milk 
becomes denser than pure milk, because cream is lighter than milk. 
Hence sufficient quantity of water can be mixed with skimmed milk 
to bring its density down to that of pure milk. This cannot be 
detected by the lactometer. 


185. Which hydrometer will you prefer—(a) with thin or thick 
stem, (b) with less or more volume ? And why ? 


Ans. We will prefer a hydrometer with thin stem and with 
large volume. 

A hydrometer with thin stem will be more sensitive because by 
placing less weight it will sink considerably. 

A hydrometer with larger volume will displace more liquid and 
more weight will be required to make it sink upto the mark. It will 
increase the accuracy of measurements. 

[Note Hydrometer floats vertically because its C.G. and the 
centre of buoyancy of the displaced liquid are in the same vertical line. 
And its C.G. is kept below the centre of buoyancy by filling its lower 
cone with lead shots or mercury.] 


186. Why is mercury used in a barometer ? 
Ans. (i) Being opaque, mercury is easily visible in the glass- 
tube. 
(ii) It does not wet glass and o gives a correct low pressure 
reading after recording high pressure. 
(iii) Being a very heavy liquid, it requires a small length of the 
tube. For water, the tube-length should be more than 
76x 13°6 cm.=10°336 metres. 


*Lactum means milk : lactometer measures S.G. of milk. 


SHORT-ANSWER QUESTIONS (MECHANICS) 107° 


(iv) It does not vaporise easily. At ordinary room-temp., its- 
vapour pressure is negligible and hence the barometer” 
reading is not lowered by its vapour pressure. 


[Note : We can not use glycerine in Boyle’s Law apparatus- 


since it is hygroscopic and will absorb moisture from the atmosphere —- 


resulting in change in its density.] 


187. Will Torricelli’s expsriment work if a barometer tube filled 
with mercury be inverted with its open end not in a trough containing” 
mercury but in a trough containing water ? 

Ans. The Torricellian experiment will not work in this case.- 
Although, in a vertical position, there will be a position of equili- 
brium obtaining for the two liquids, this will be unstable equilibrium,- 
since the common C.G. of the liquids does not occupy its lowest 
position. Therefore the mercury will flow out of tube and the water” 
will ‘flow in—keeping the tube completely filled with water as the 
tube-length is less than 10°336 metres. 

[Note : (i) The bung must be removed from a barrel in order- 
that the contained liquid may flow out when the tap at the bottom is- 
opened. 

(ii) The opening in a petrol can is not central but `n one corner,- 
so that the air can enter. Remember that the atmo-pheric pressure: 
can support a 12°8 metre high column of petrol.] 


188. Which would produce a greater inaccuracy in a barometer — 


the presence of a small bubble of air or of a fragment of copper of equal: 


volume with the air ? 
Ans. Air will produce a greater inaccuracy. 


Actually, the fragment of copper will not produce any inaccu-- 


racy. Since copper is lighter than mercury, it will float on the surface 
of mercury so that the downward weight of copper piece equals the 
upward thrust of mercury on account of immersed part of copper. 


Thus the piece of copper exerts no extra downward pressure and. 


hence barometer will continue to give correct atmospheric pressure. 
No doubt, the volume of vacuum will decrease due to protruded part 
of copper, but pressure is not affected by the volume of vacuum. 

But the presence of air will decrease the barometric reading 
since air occupies vacuum only and will exert downward pressure on- 
the surface of mercury in the barometer. 

189, How does a barometer help us to forecast weather ? 


Ans. When the amount of water vapours or the humidity in the’ 
air increases, the density of air decreases since water vapours are 
lighter than air. Because pressure is proportional to density, it also 
decreases with increase in humidity. The gradually falling barometer 
therefore indicates the approach of rain. A sudden fall in barometer 
reading is a sign of cyclone or dusi-slorm. A rising barometer indicates. 


the approach o1 fair weather. 
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190. The atmospheric pressure is about 103 kg. wt. per square 
«m. on earth. Why do we not feel such a high pressure exerted on our 
‘body ?` 

Ans. Itis indeed a very high pressure exerted on us equally 
from all directions and which amounts to 1500 quintals of total air 
thrust on the body of a normal person. Still it is not felt by us because 
‘it is balanced by the outward pressure of inhaled air which reaches 
every part of the body after getting mixed up with the blood in the 
‘heart. 


[Note : (i) People suffering from lung diseases like pneumonia 
feel the atmospheric pressure because their lungs do not work properly 
cand they feel difficulty in breathing. 

(ii) Some of the tins in which tobacco is sold have a small hole 
‘in the bottom, covered with a small rubber patch. The lid cannot be 
-opened until the patch has been removed. It is because of vacuum in 
the tin so that a force of 1°03 kg. wt./cm.* acts on the lid from out- 
sside.] 

191. Which is better for. an aeroplane - to take off into the wind or 
with the wind ? 


Ans. The lifting power of an aeroplane is directly propor- 
tional to the square of its relative velocity w.r.t. the surrounding air. 
When the plane takes off with the wind following, its relative velocity 
‘w.r.t. air equals its velocity minus wind velocity. But when the plane 
‘takes off into the wind, its relative velocity w.r.t. air equals its velocity 
plus wind velocity. Thus a plane taking off into the wind reaches the 
‘same air-speed at a lower ground speed than if it were to take offin a 
tail-wind. ‘Hence it is betler to take off into the wind. 


192. We are advised to empty the ink from our fountain pen 
before going up in an aeroplane. Why? 

Ans. It is so because of the fact that the atmospheric pressure 
falls as we ascend. Since the ink partly filling our pens is held up 
by the pressure exerted by the atmosphere, it is likely to flow out 
when the aeroplane rises, because the high pressure air partly filling 
‘our pen will expand when the external atmospheric pressure de- 
creases. 

[Note : If a bubble of air is introduced into the bottom of a 
barometer, it steadily increases in size as it rises through the mercury 
because pressure acting on the bubble gradually decreases and by 
Boyle’s law its volume increases. ] 


193. What will happen if a hole is made in (a) gas part of the 
tube, (b) mercury part of the tube of a Boyles Law Apparatus ? 


Ans. (a) : The gas inside will be in direct communication with 
air and will exert the same pressure as at the other end. The level 
in the two tubes, therefore, will become the same. 
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(b) : If the level of the hole is lower than that of mercury in the 
reservoir (or open) tube, mercury will flow out till its level on both 
sides is the same because the pressure inside of the hole will be 
greater than that outside. 

If the level of the hole is higher, then air will bubble in through: 
the hole till the level of mercury is the same on both sides since the- 
pressure inside is less than that outside the hole. 


In both the cases, the mercury will adjust its level to that of the- 
hole in both—the tube and the reservoir. 


194. What would be the effect on the result if the enclosed air in. 
Boyle’s Law Apparatus were moist ? 
Ans. Boyle’s law holds good only if the enclosed air is per- 


fectly dry. Ifthe air is moist, the result would be true only approxi- 
mately. 


195. When a tyre is inflated, both pressure and volume are. 
increased. Do you consider it a violation of Boyle’s law ? 

Ans. No. We first compress (with the help of the piston in the 
pump) the air coming into the barrel from outside at atmospheric: 
pressure. The compressed air then enters the tyre where it expands 
to fill the tube. Both the operations are in accordance with Boyle’s. 
law (except that during compression the air is slightly heated). 


196. Why do bubbles appear when a soda water bottle is opened ? 

Ans. The COQ, is dissolved under high pressure in the soda. 
water. But when the bottle is opened, its pressure is decreased to 
atmospheric pressure, and the bubbles of CO, appear at the opening 
of the bottle due to decreased solubility. 

197. Why does a vehicle lose power when it is operated at a very 
high altitude ? How is this difficulty overcome generally ? 


Ans. The power of a vehicle depends upon the combustion of 
fuel which takes place with oxygen. A vehicle loses power when it 
is operated at a very high altitude because of combustion difficulties- 
resulting from inadequacy of oxygen. 


This difficulty is overcome generally by mechanical devices and 
by addition of additives in fuel. 

198. How do jet and rocket propulsions work ? 

Ans, Jet engine is fed with fuel, i.e. petrol and air. Air sucked 
in at the nose of the aircraft, is compressed by a compressor and its 
pressure is further increased by the application of heat. When it is. 
discharged at high velocity, a reaction is created which thrusts the 
plane forward. The efficiency of jet propulsion increases at the higher 
altitudes, in contrast to that of ordinary propeller driven air-craft in 
which case it tends to decrease. 


Rocket propulsion is not quite the same. The rocket carries all 
its own explosive materials and the propulsion still takes place even if 
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‘there is no air or if the air were very thin, as it is at great heights. 
A rocket can travel in vacuum and requires no wings but it requires 
vonly a high velocity exhaust. 

199. Why can we not produce perfect vacuum with an air-pump ? 


Ans. The degree of exhaustion produced by an air-pump after 
in strokes is given by the formula 


V n 
r=( 7 ) xP 


where P is the original pressure of air in the vessel of volume V and v 


P y 
is the volume of the barrel of the pump. Since V5 


<I, therefore 
Even if somehow n=infinity, even then Py cannot be reduced 
i ceds, a stage is reached 


stops. 


200. On what principle does a siphon worl: ? 


For what purpose 
as it used ? 


Ans. A siphon works on the principle that the atmospheric 
“pressure can balance a liquid column of a definite height depending 


upon the liquid density. This height for mercury is 76 cm. at sea- 
level and 10°4 metres for water. 


Its main purpose is to draw out a liquid continuously from a 
ipesicliat higher Ha Into another vessel at lower level without tilting 
yits container or without disturbing its sediment. 


201. What.are the conditions of worki 


Ans. (i) It should have two arms of unequal lengths, 

(ii) The shorter arm should be dipped in the vessel from which 
the liquid is to be transferred. Evidently, the lower end 
of the longer arm will remain below* the surface of 
the liquid to be transferred. 

(iii) The vertical height of the short 
than that height of this liquid 
atmospheric pressure, 

(iv) It will never work: in vacuum becau: 
be present to push the liquid up int 

202. Why is the waste-pipe of a wash-basi 

«cal drainage-pipe by a siphon tube and not go st 

Ans. A certain amount of water remains insi 

part of the siphon-tube. This water Bee ae U-shaped. 
shutting the gases from the drainage- 


ng for a siphon ? 


er arm should not be more 


n connected to the verti- 
raight there ? 


Scie he bottom of a floating boat cannot be siphoned 


which can be balanced by the- 
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203. Why is oil used in a rotary oil pump ? 

Ans. The reason is twofold : 

(2) Oil stops the leakage of outside air in the vacuum created. 

(ti) Oil takes away the heat produced by iriction between its 
two cylinders, In the absence of oil, these two unequal cylinders will 
expand unequally and so an increasing gap at the point of their con- 
tact will be created. This gap will make the pump useless. 


—— 
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Scientific Instrument : 


An altimeter measures altitudes. 
An anemometer measures wind-velocity. 


A barometer measures atmospheric pressure. 

A barograph records atmospheric pressure, 

A barosespe shows atmospheric pressure, 

A chronometer measures time. 

A clinometer measures gradient or slope. 

An eudiometer measures volume of gases. 

A fathometer measures ocean depths. 

A galactometer measures absolute purity of milk. 
A hydrometer measures density of liquids. 

A lactometer measures purity of milk. 

A rotam¢t2r measures length of curved lines, 

A seismograph records earthquakes. 

A seismometer measures intensity of earthquakes. 
A speedometer measures the speed (of vehicles). 


A spherometer measures the curvature (of spherical surfaces). 
A tensimeter measures vapour pressure. 
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A tensiometer measures surface tension. 
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A viscometer measures viscosity. 
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Part Il—Heat 


Concise Heat 


1. Heat is the agent which produces in us the sensation of warmth. 
It is a form of energy of the molecules in motion. Heat is not a 
material body (although it behaves like other physical quantities 
capable of measurement). It has no colour, smell, shape or detect- 
able mass. 

The effect of heat which gives us the idea of degree of hotness 
or coldness as compared with some standard is called temperature. 
It represents the level of heat in a body or the degree of hotness of the 
body. It is the temp. and not the quantity of heat, which determines 
the direction of flow of heat when one body is brought in contact with 
another body. Heat always flows froma body at higher temp. to 
another body at lower temp, till both attain the same temp. 


2. Thermometer measures temperature. It is based on the principle 
that a change in temperature is accompanied by a change in one or 
the other physical property of a substance. 

(a) Liquid-in-glass thermometers use the expansion of a liquid 
to indicate temp. changes. 

(b) Gas thermometers use either the expansion of gases at con- 
stant pressure or the increase of pressure at constant volume. 

(c) Vapour pressure thermometers are based upon the fact that 
the saturated vapour pressure of a liquid is a function of temp. 

(d) Resistance thermometers use the change in the electrical resis- 
tance of a wire which accompanies a change in temp. 

The main disadvantage of a resistance thermometer is that it 
cannot register rapidly varying temps. (because of the low thermal 
conductivity of the containing tube and of the need for balancing the 
metre bridge). 


(e) Radiation thermometers use the change in either the quality 
or quantity of radiation with temp. 


3. The upper fixed point of a mercury in-glass thermometer is the 
temp. of steam above water boiling at a pressure of 76 cm of H 
(or at sea-level). i 5- 


The lower fixed point is the temp. of the pure melting ice 


These two fixed points have the advantage that 
l ths: 
constant temps. readily reproducible enviar in the wed ei 
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CONCISE HEAT = 113 


The interval between these two fixed points is termed the 
fundamental interval. lr is the same for all scales and determines 
the size of the degree of each scale. 


4. Temperature Scales: The commonest temp. scales are the 
Celsius (Centigrade), the Fahrenheit*, the Reaumur and the Absolute 
(or Kelvin’s). 
°C °F—32 °R 
TOO S e212 = 320 y £80 
And °A=°0 +273 
5. Thermometric Substances : 
(i) Mercury is used in thermometers because : 
(a) It does not wet or stick to the glass. 
(b) It quickly takes up the temperature of the surroindings iù.e., 
its sp. heat is low. 
(c) It has a relatively uniform expansion. 
(d) It is opaque and so is easily visible in glass. 
(e) It remains liquid over a fairly wide range of temps. Its 
freezing point is—3)°C and boiling point 357°C. 


(ii) Other liquids : Alcohol is used for low temps., freezing at 
—112°C, but it boils at 78°C. = 
Water is not used because 
(a) ‘it wets the glass ; 
(b) it does not always expand when heated (e.g. from 0°C ‘to 
4°C) ; 
(c) its expansion is not uniform ; 
(d) its range is very much limited. 
6. Expansion of Solids : 
linear 


superficial 
volume 


Coeff. of expansion of a solid 


length 
area 
volume 


= fractional increase in per °C rise in temp. 


For the purposes of calculations : 
expansion 
original length X rise in temp. 
Ii—Ly 
es te Lg xt 


Coeff. of linear expansion = 


*What is the difference between ‘one degree Fahrenheit? and ‘one 
Fahrenheit degree’ ? 
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Similar relations for 8 and y. Thus 
Ty=Ly (1+a.t) ; Ar=Ag(1+B.t) ; Ve=Vo(1 + 7-2) 


7. Relations between three co-efficients of expansion : 


P=2.0 and y=3.u 


For a given solid, its « can be experimentally determined by 
using Pullinger’s Apparatus. ‘Then its and y also become known. 


8. Expansion of Liquids : There are two coefficients of cubical 
expansion of a liquid : 

(a) The coefficient of apparent expansion (Ya) is the fractional 
increase in volume (i.e. the increase in unit volume) per °C rise in 
temp. when no allowance is made for the expansion of the containing 
vessel. q 

(b) The coefficient of absolute or real expansion (y,) is the 
fractional increase in volume per °C rise in temp. when allowance 
is made for the expansion of the vessel. 


If Ys be the coeff. of cubical expansion of the vessel, then 
Yr=YotYo 

Coefficient of expansion increases with rise of temp. and vice 
versa. 

For any liquid, its Ya can be experimentally determined with 
the help of a Weight Thermometer and its y, by using Dulong and 
Petit’s Method. 

9. Change of density with temp. : If the volume of a substance 
increases from V, to Vt when its temp. is raised from 0°C to t°C, then 


Vi=V, (1+ y-t) 


If dọ and d: be the respective densities of the given ` substance 
of mass m at 0°C and ¢°C, then 


d K 
m=do.Vo=d:.V: ; on A weet 


10. Expansion of Water: When water is cooled, it contracts 
until 4°C is reached. On further cooling it expands until it freezes 
at 0°C. At this temp., a considerable expansion occurs when water 
changes to ice (I c.c. of water becoming 1091 or almost 1'1 c.c. of 
ice). Water has maximum density at 4°C. 


11. Expansion of Gases : 


(a) When a gas is heated so that the pressure remains constant, 
it expands uniformly. 


___, All gases expand by 1/273 of their volume at 0°C for each °C 
rise in temp. This is Charles’s Law. 


tee 
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(b) If a gas is heated so that its volume* remains constant, it is 
found that the pressure increases uniformly. 


The pressure of all gases.increases by 1/273 of their pressure at 
0°C for each °C rise in temp. This is the Law of Pressures and is 
also called as the Charles’s law. 


(c) Combining Charles’s Laws with Boyle’s Law, we get the 
General Gas Law. If the pressure, volume and absolute temp. of a 
-given mass of dry gas are respectively P, V and T, then 


al =constant 
7 


ae P,.V, s3 P.V: x Pave 
T, T, mo ii 
This constant is K when we use 1 gm. of gas and R on using 
1 gm. molecule of gas. Value of R is same for all gases and is about 
'2 calories. 
12. Absolute Zero and Absolute Scale of Temp. }tFrom Charles’s 
{Law, ifa gas is cooled and remains a gas upto—273°C, then its 


y VOLUME (C.C) 


p 


‘ 
\ 
` 
\ 
` 
~ 


-300° z200 —100° 0 100° 
TEMPERATURE(C) 
Fig. 2-1 
volume becomes zero (Fig. 2-1). The temp. of —273°C is called the 


-absolute zero of temp. and is the Jowest possible temp. Temps. 


measured from this zero are called absolute temps. (°A or °K from 
Kelvin) and can be converted to °C by the equation 
°A=°C+273 

Note : All gases not only liquefy but also solidify before 0°A 
tis reached. Thus theoretically also it is not understandable how the 
volume of a given mass Of the gas canbe zero. On kinetic theory, 
absolute zero is that temp. at which the molecular motion will stop. 
13. Units of Heat : The calorie is the amount of heat necessary to 
increase the temp. of 1 gm. of water by 1°C (from 145°C to 15°5°C). 


-#Jn a closed oven, volume of air remains constant and hence its pressure 
increases. This increased pressure holds the cake or loaf in contact with the 
wall. The'loaf will fall if the oven door is opened before the loaf is done. 
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The British Thermal Unit (B. Th. U.) is the amount of heat 
necessary to increase the temp. of | lb. of water by 1°F. 


The Grand Calorie (or Large, Kilo or M jor Calorie) is equal 
to 1000 ordinary calories. 


The therm is the amount of heat necessary to increase the- 
temp. of 1009 lb. of water by 100°f and equals 100000 B. Th. U. 


‘The thermie is the quantity of heat required to raise the temp. 
of one tonne of water by 1°C and equals 3967 B. Th. U. 


14. Specific Heat : (a) The sp. heat ofa substance is the number 
of calories required to raise the temp. of | gm. of it by 1°C. 


(b) The sp. heat of a substance is the ratio of the amount of 
heat needed to raise the temp. of a given mass of a substance to the 
amount of heat needed to raise the temp. of the same mass of water 
by the same number of degrees. (It is thus a pure number and has. 
no units). 

; Sp. heat changes with tempertture ; but this change is very 
small. Ordinarily it increases with increase of temp. till it becomes. 
steady at a certain limiting temp. It decreases with decrease in temp. 
till at absolute zero it becomes zero. 

(c) When a gas is heated, its pressure and volume both change. 
Hence a gas has two sp. heats-one at constant pressure (denoted 
by sp) and the other at constant volume (denoted by 8,). 

We use Sp, So when 1 gm. of gas is used and Op, C, when I gm. 
molecule of gag is used. 


Ln (GS 
8p>8, or Cp >C, but tay 
Sy le 
while ~— 8p 8 = K and 0,—C,=R 


15. Quantity of heat given toa body > LE the mass of a body ' is 
‘m’ gm., its sp. heat ‘s’ and its temp. rises by £O, then the quantity 
of heat it receives is : ~ 
: Q=m.s.t calories 


This body will lose the same quantity of heat when it is cooled 
through the same range of temp. of t °C. 


16. Law of Mixtares : In all experiments involving an exchange 
or transfer of heat between bodies, 


Total Heat Lost=Total Heat Gained 


17. Water Equivalent of a Calorimeter : It is equal to that mass 
(say w gm.) of water which takes up or gives out the same quantity of 
heat as is done by the calorimeter (or any other given body) when 
both are heated or cooled through the same range of temp. If m gm. 
þe the mass of the calorimeter and s'its sp. heat, then 


w=m.8s gm. 
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18. Thermal Capacity of a Body : It is equal to the quanity of 
heat required to raise its temp. by 1°. Thus 
Thermal Capacity=m.s calories or B. Th. U. 
It is clear that the water equivalent of a body is numerically 


equal toits thermal capacity and per unit mass of the body both of 
them are also numerically equal to its sp. heat. 


19. Change of State: If heat is given to a solid which isa pure 
substance, its temp. rises to a fixed point called its melting point. 
If the supply of heat is not interrupted, the temp. remains constant 
at this value until all the solid has become liquid. After this the 
temp, rises again until the boiling point is reached. At the boiling 
point the temp. again remuins constant until all the liquid has be- 
come vapour, always provided the pressure has not been allowed to in- 
crease. ; 


, The heat absorbed by unit mass of a substance in changing its 
state at its melting or boiling point is called its latent heat. 


2”, Lateat* Heat : The latent heat of fusion is the amount of heat 
needed to change unit mass of a substance from solid to liquid at its 
melting point. 

The latent heat of vaprrisation is the amount of heat needed to 
change unit mass of a substance from liquid to vapour at its boiling 
point. 

The latent heat at the critical temp. and above is zero since a 
gas remains gas for all pressures. 


21. Melting and Boiling Points : The melting and boiling points 
-of pure substances are constants. 


Melting point is lowered by pressure increase (the phenomenon 
-of regelation) for ice or for solids which contract on melting and by 
‘the addition of impurities (e.g. salt added to ice). 
A Boiling point is raised by impurities and by increase in external 
‘pressure, and lowered by decrease in external pressure. . 
22. Kinetic Theory of Matter : All matter is in a state of motion. 
Individual molecules are in a state of violent and irregular agitation 
„and thus possess kinetic energy. Heating a body increases the velocity 
of motion of its particles and hence their kinetic energy. Thus the 
temp. of the body corresponds to a definite average K.E. of its mole- 
-cules. 


In a solid, the binding forces between molecules are sufficient 
to retain the solid in a definite shape. When a body is heated so that 
its temp. rises, the energy of agitation is increased until the binding 
forces become less effective and the solid loses its shape and becomes 
a liquid. \ å 


# Atthe time of supplying latent heat, there is no rise in the temp. of 
the substance. When some heat given to a body causes a rise in its temp., it is 
‘called sensible heat. 
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If the temp. is further increased, individual molecules acquire 
sufficient energy to leave the liquid and form a vapour. 

Diffusion* illustrates the validity of kinetic theory of matter. 
Since in gases the molecules are quite apart from one another, they 
are in a state of more violent and irregular agitation than in solids or 
liquids ; that is why the process of diffusion is more rapid in gases: 
than in liquids. 


The temp. at which all molecular motion stops and thus no 
K.E. is possessed by the molecules is nothing else but the zero of ab-- 
solute scale of temp. (=—273°C). 


23. Evaporation Boiling 
1. A slow process. ` | A rapid process. 
2. A silent process. A noisy process. 
3. It takes place at all It takes place at a fixed temp. 
temperatures. (known as the boiling point 


of the liquid). 
4, It takes place from the | It takes place throughout the 


upper surface. liquid. 

5. It is accompanied by | During boiling, temp. remains. 
cooling. constant. 

6. Its rate increases with | Boiling point is lowered with: 
decrease of pressure decrease of pressure and vice. 
and vice versa. versa. 


24. Factors influencing Evaporation : 


(i) Area of the exposed or upper surface of the liquid ; 

(ii) Dryness of the air ; (iii) Motion of the air ; 

(iv) Temp. of the liquid 5. (v) Temp. of the surroundings 5: 

(vi) Pressure acting on the surface : (vii) Nature of the liquid. 
25. Properties of Vapours : (i) Liquids exposed to the atmosphere 
evaporate. The rate of evaporation depends upon the nature of the 
liquid, its temp. and the pressure. 

(ii) Evaporation continues until as many molecules are leaving 
the liquid in one second as are returning to it in the same time. Here 
the vapour is termed as saturated. 

(iii) A saturated vapour exerts pressure (called saturated V.P.): 
which varies with temp. 


Vapour pressure above a convex surface is greater and above @ 
concave surface is lower than above a plane surface. 


(iv) Saturated vapours do not obey the gas Iaws, while the 
unsaturated vapours do. 


$ * Rate of diffusion of a gas is inversely proportional to the square root of 
its density. 


CONCISE HEAT 119 


(v) When the external pressure equals the saturated V.P. of a 

liquid, it boils. Hence by decreasing the pressure, the boiling point 
is lowered and vice versa. 
26. Dalton’s Laws of Partial Vapour Pressure : (1) The 
pressure of any saturated vapour in an enclosed space depends upon 
its temp. only and is independent of the volume of the enclosed space 
as well as of the pressure of any other vapour or gas’ already present in 
this enclosed space, provided that there is no chemical affinity bet- 
ween the two vapours. 

(2) The total pressure of several vapours and gases enclosed in 
the same space is equal io the sum of their individual vapour pres- 
sures which the vapours and gases would have exerted when enclosed 
singly, provided that there is no chemical affinity between the given 
vapours and gases. 


. 27. Dew Point : When a mixture of air and water vapour is cooled 


to such a temp. that the air becomes just saturated and the water 
vapour exerts its maximum pressure, this temp. at which this occurs 
is called the dew point. 

Dew is not formed on cloudy and/or windy nights. 


28. Relative Humidity : The relative humidity of the atmosphere 
is the ratio of the pressure of the water vapour in the atmosphere to 
the saturated vapour pressure at the same temp. It is also the ratio 
of the saturated vapour pressure at the dewpoint to the saturated 
vapour pressure at the temp. of the atmosphere. 


29. Transmission of Heat : (a) If heat moves from one part of a 
body to another without any transfer of matter, it is said to be trans- 
mitted by conduction. 


All metals are good conductors of heat, the best being copper, 
ay e . 
silver and mercury. The bad conductors of heat are air, cork, rubber, 
etc. 

Thermal conductivity of a gas is independent of its pressure. 


(b) If in the transfer of heat from one part of a substance to 
another, matter is also transferred. it is said to be transmitted by 
convection. 

Convection occurs in fluids and arises because expansion occurs 
unevenly on heating. This causes variations in density, and the 
lighter part of the fluid rises. Convection is important in climatology 
and is put to practical use in the domestic hot-water system and the 
cooling of transformers. 


(c) When heat is transferred from one place to another across 
empty space, it is said to be transmitted by radiation, ` 

All materials radiate heat at arate which depends upon the 
temp. Dull black surfaces are the best radiators (as well as the best 
absorbers) and polished bright surfaces are the worst radiators (as 
well as the worst absorbers). Evidently, a good absorber is a bad 
reflector and a bad absorber is a good reflector of heat. 
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Heat energy is lost from one body and radiant energy is 
emitted ; radiant energy is absorbed by another body and heat energy 
appears. 4 


Light is one kind of radiant energy but not the only kind. Sour- 
ces of light emit invisible radiant energy as well as the visible radiant 
energy we know as light. Wodies, not hot enough to give off light, 
still emit invisible radiant energy, ¢.g. the electric iron. 


30. Mechanical Equivalent of Heat: Heat is a form of energy, 
and hence, by the law of conservation of energy, cannot be destroy- 
ed, but can be transformed into or produced from other forms of 
energy. The amount of mechanical work which must be done to 
produce unit quantity. of heat is called (Joule’s) mechanical equivalent 
of heat. It is denoted by symbol “J’. Its value is : 


J=4°2x 107 ergs or 4°2 joules per calorie 
=778 ft. lb. per B. Th. U. 


31. Heat Engines : 


(a) Steam Engine : It isa machine whereby steam becomes 
active agent. The leading types of steam engines are : (i) condens- 
ing or low pressure engine where the steam used once can be used 
again and again, (ii) non-condensiing engine in which the cylinder 
exhausts its steam into open air after using it once. 


(b) Petrol Engine: In a four-stroke petrol engine, the mix- 
ture of air and petrol vapours is prepared in the carburettor and is 
brought to the piston chamber in the intake stroke. In the compres- 
sion stroke, this mixture is compressed and the sparking plug pro- 
duces a spark at its end. As the fuel catches fire, the working stroke 
starts and in the exhaust stroke the waste products are thrown out in 
the air. The cylinder is kept cooled, otherwise after sometime the 
fuel may catch fire in the intake stroke itself. . Then the engine will 
stop working and requires cooling. 


(c) Diesel Engine (The Compression Ignition Engine): Its 
working is like a pe'rol engine except that there is no sparking plug 
here. Instead the air in the cylinder is compressed to over 35 kg. 
per square cm. pressure and its temp. comes to about 260°C. Oil 
injected or sprayed into the hot compressed air ignites immediately . 


Steam engines are external combustion engines while others are 
internal combustion engines. 


It is impossible for an engine, unaided by external work, to trans- 
fer heat from one body at a lower temp. to another body at a higher temp. 
The refrigerator is evidence of the fact that energy must be used in 
removing heat from a low temp. ,and discharging it at a higher temp. 


Objective Type Questions 


CHAPTER XV 
HEAT, TEMP. AND THERMOMETRY 
I. Complete the following sentences with correct word, 
words or phrases : 


(1) Heat is a form of...... 
(2) Heat produced by rubbing two hands comes from..s... 


(8) Temp. is.....- of hotness. 
(9) Our sense of touch cannot give us the correct idea of... 
(10) Heat always flows from...... LOSE. 
(11) The temp. of a normal person is 


(13) Heat and temp. have a......relationship. 

(14) Highest as well as lowest temps. can be recorded by...... 

(15) Lower fixed point of a Celcius thermometer is the temp. 
at which ..... 


(16) Upper fixed point of a mercury thermometer is the temp. 
at which...... 


(17) A Celcius thermometer is also known a Centigrade thermo- 


mieter because ....- 


(18) A Fahrenheit thermometer is so-called because...... 

(19) Accurate thermometers have...... bores and...... bulbs. 

(20) Interval between the two fixed points of a thermometer is 
termed as...... interval, 

II. Select the correct answers from among the brackets 
for completing the following statements : 


(1) Energy of molecular motion appears in the form of...... 
[friction, temp., heat, potential energy] 
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(2) Therma J condition of a body is determined by its . ... 
[quantity of heat, temperature] 


(3) Direction of flow of heat from one body to another is deter- 
mined by their...... [quantity of heat, quality of heat] 
(+) Common temp. of two or more bodies brought in contact 
--.. obtained by adding their respective temps. [can be, cannot be] 
(5) Heat is measured by a...... {thermometer, calorimeter] 

(6) A hot body weighs......the cold body. : 
[more than, less than, as much as] 
(7) Absolute zero is ..... [0°C, 0°F, —273°C, 373°C] 


(8) Freezing point of mercury is.....- {o°r, —130°C,—39°C] 
(9) Freezing point of alcohol is...... [—73°C, —39°C, —130°C] 
(10) Boiling point of mercury is...... [212°F, 857°C, 257°C] 
(11) Boiling point of alcohol is...... (80°R, 78°C, 100°C] 


(12) In Six’s Maximum and Minimum Thermometer, the...... 
end of the index records the maximum temp. [lower, upper] 


(13) In Six’s Maximum and Minimum Thermometer, the...... 
end of the index records the minimum temp. [lower, upper] 
(14) The graph between °C (on X-axis) and °F (on Y-axis) read- 
ings is...... 
[(a) a st. line passing through the origin. 
(b) ast. line cutting an intercept on the positive side of Y-axis. 
(c) ast. line cutting an intercept on the positive side of X-axis.] 


15) The graph between °O (on X-axis) and °R (on Y-axis) 
en p [same alternatives a, b, c, as for (14) above] 


16) The graph between °R (on X-axis) and °F (on Y-axis) 
Pee ede een [same alternatives a, b, ©, as for (14) above] 


(17) Two balls at the same temp. collide. Then...... is conserved, 
[temp., velocity ; kinetic energy ; momentum] 


(18) In which of the following cases, the thermometer will indi- 
cate minimum temp. ? 
(a) Blow on it. (b) Sit on it. 
(c) Put it under your arm. 
(d) Run around and get hot and then put it under your arm. 
(e) Swing it around and around on a string. 


MII. Match the statements in column B with those in 
column A : 
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Column A Column B 
(1) Clinical Thermometer (a) used for detecting heat rays. 
(2) Crooke’s Radiometer (b) used for detecting light rays.. 


(3) Pyrometer (c) used for measuring human 
temp. 
(4) Differential Air-Thermo-| (d) used for showing the mecha- 
scope. nical effect of heat. 
(5) Thermo-couple (e) used for measuring the ex: 


pansion of bodies by heat. 


CHAPTER XVI 
EXPANSION OF SOLIDS, LIQUIDS AND. GASES 


I. Complete the following sentences by putting in sui- 
table words or phrases : 


(1) Solids, liquids and gases...... when heated and...... when, 
cooled. 

(2) Copper expands...... than iron. 

(3) Platinum expands...... glass. 

` (4) Telegraph wires become...... in winter. 

(5) Iron tyres of a tonga are...... than its wooden wheels, 

(6) Pendulum clocks run...... in summer and.......in winter. 

(7) Coefficient of cubical expansion is...... coefficient of linear 
expansion. 


(8) Two glass tumblers which have stuck together can be 
loosened by pouring...... water into the inner one. 


(9) Two glass tumblers which have stuck together can be 
loosened by immersing nearly whole of the outer one in...... water. 


(10) Ina compensated pendulum, lengths of two metals are 
taken in the...... ratio of their coefficients of linear expansion. 


å 1) A metallic thermometer is a practical application of...... 


(12) Different liquids have...... expansions for the same rise of 
temp. 

(13) Different gases have...... expansion for the same rise of 
temp. 


(14) A litre of petrol weighs......in summer than in winter. 


(17) Coefficient of expansion of hydrogen is...... 


(18) In comparison to a constant volume gas thermometer, æ 
constant pressure gas thermometer gives...... accurate results. 
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(19) On cooling a gas at constant volume, its pressure at absolute 
Zero iS...... 


(20) Value of the gas constant K for hydrogen is...... 
(21) Value of the Universal Gas Constant R is.....: 
(22) Volume of 1 gm. molecule of any gas at N.T.P. is...... 
(23) Mass of one cubic mrtre of air at N.T-P. is......kg. 
If. Complete the following sentences by choosing the 
‘correct words from tke clue given against each : 
(1) The temp. of a copper disc, with a circular hole in the 
-centre, is raised ; the diameter of the hole will...... 
[increase, decrease, remain unaltered] 
(2) A hot glass chimney cracks when a drop of water is put on 
it because 


(a) water evaporates and takes heat from’‘that spot. 
(b) chimney contracts at that point. 
(c) chimney expands at that point as water changes into 
steam. : 
(3) Two evaporating dishes were heated on a sandbath. One 


was placed on a piece of asbestos while the other was placed on a 
sheet of iron. After a few minutes the...... dish broke. [first, second] 


(4) Two copper rods of equal lengths but unequal diameters 
are heated through the same range of temp. Then thé increase in 
Jength will be 

(@) more for thinner rod. (b) more for thicker rod. 
(c) same for both the rods. 

(5) Ina compensated balanced-wheel, we use compound or 
ibi-metallic strips. In these strips, the metal of...... coefficient of 
linear expansion is kept on the outer side. [larger, smaller] 

(6) Apparent expansion of a liquid is always...... than its real 
expansion. [more, less] 

(7) Coefficient of expansion of a liquid...... with the rise of 
temp. i [increases, decreases] 

(8) During winter, water in a lake ffeezes first at the.....: 


(9) When water freezes into ice, its volume...... 
[decreases, increases, remains the same] 
(10) Coefficient of expansion of water between 0°C and 4°C 
(positive, negative] 


` (11) Ponds and lakes freeze...... before they do...... 
[around the edges, in the middle] 
(12) Aquatic animals can live in the severest winter because 
(a) the water does not freeze at the bottom. 
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(b) the water does not freeze at the top. 
(c) they are accustomed to live in ice. 
(13) A glass globe immersed in water contains just enough 
air to prevent sinking. If the temp. of the water is...... » the globe 
sinks. [raised, lowered], 


(14) A football inflated in a warm room will become much 
when used outdoors on a cold day. 


[tighter, loose], 
(15) At all temps. and at all pressures, Boyle’s Law is obeyed 

Dyce ca gas. [a real, an ideal], 
(16) A temp. of —150°C can be measured by the...... thermo- 

meter. {mercury, alcohol, gas] 
(17) A temp. of 100° A equals...... 


(18) In the gas equation P.V=#.7, the letter V refers to the 
volume of...... 


(a) any amount of gas. (b) one litre of gas. 
(c) one gm. of gas. (d) one gram-molecule of gas. 


(19) A gas’s behaviour is often treated as an ideal behaviour 
given by the equation P.V/Z'=constant. ‘The real behaviour of the- 
gas will be most like that of an ideal gas if,..... 

(a) temp..is low. 

(2) both temp. and pressure are low. 
(c) both temp. and pressure are high. 
(dj temp. is high and pressure is low. 
(e) temp. is low and pressure is high. 

(20) To make the volume of an ideal gas four*times greater, we 

have to (while using absolute temp ) 
(a) double the temp. and double the pressure. 
(6) halve the temp. and double the pressure. 
(c) halve the pressure and double the temp. 
(d) quarter the pressure at constant temp. 
(e) quarter the temp. at constant pressure. 
II. Some physical principles have been listed in 


column B. Relate them to the items given in column A 
below : 


Column A Column B 
(1) Fixing of iron tyres over | (a) A bimetallic bar becomes 
wooden wheels curved on heating 
(2) Fire-alarms (b) Water expands on freezing 
(3) Rivetting (c) Expansion of gases is very 


large and most uniform 
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(4) Thermostat (d) Unequal expansions of differ- 


ent materials 
(5) Creation of mountain- ' (e) Different metals expand un- 
passes by nature in very | equally on heating 
cold countries 
(6) Compensated pendulum | (f) Solids expand on_ heating 
and contract on cooling 


(7) Compensated balance- | 

wheel of a watch 

(8) Gas thermometer 

IV. Match the uses listed in column B with the instru- 
ments given in column A below : í 


Column A Column B 


/ 


(1) Pullinger’s Apparatus (a) To determine coefficient of 
apparent expansion of a liquid 

(2) Compensated Pendulum | (b) To determine coefficients of 
expansion of a gas 

(3) Weight Thermometer (c) To determine coefficient of 
real expansion of liquids 

(4) Dulong and Petit’s Appa-| (4) An alloy used for lead-in 


ratus wires of electric bulbs 

(5) Regnault’s Apparatus (e).To enable clocks to keep 
’ correct time in all seasons 

(6) Dumet (f) To determine coefficient of 


linear expansion 


CHAPTER XVII 
CALORIMETRY AND SPECIFIC HEAT 


I. Complete the following sentences by putting in suit- 
able words or phrases : 


(1) Quantity of heat in a body depends upon 10S aaea 

(2) Quantity of heat lost by a body depends upon its...... 

(3) C.G.S. units of heat are...... 

(4) F.P.S. units of heat are...... 

(5) A calorie is the quantity of heat needed to raisc...... 
through...... 


(6) A therm is the quantity of heat needed to raise... 
through 


(7) Sp. heat of a substance is numerically equal to the calories 
of heat required to raise its...... through...... 


(8) Calorie/°C is the unit of. 
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(11) Sp. heat of hydrogen is......than that of water. 
(12) Calorific value of fuels is measured with the help of...... 
(13) Units of heat for indicating calorific value of fuels are 
(14) For any gas, its Se A1Seeacse than its sp. 
(15) Water equivalent of any substance is...... to its thermal 
capacity. - 
(16) The cooling curve obtained in Newton’s Law of Cooling is 
called...... 


Il. Complete the following sentences choosing the 
correct words from the clue given against each : 


(1) 1 B.Th. U. equals...... calories [352, 252, 300] 
(2) Calorimeters are usually made of copper because 

(a) it can be easily moulded. 

(b) it is available in large quantities. 

(c) it quickly attains the temp. of its contents. 


(3) A calorimeter is kept in a wooden ‘case surrounded by air 
to prevent the loss of heat by...... [conduction, convection, radiation] 


(4) Calorimeters are generally polished from outside to reduce 
the loss of heat by...... [conduction, Convection, radiation] 


(5) A block of ice floating in a mass of hot water is in thermal 
equilibrium when 
(a) the hot water is maintained at a constant temp. 
(b) the ice is melting continuously. 
(c) the system attains uniform temp. throughout. 
(d) the temp. is uniform throughout the system and is 
equal to the temp. of the surroundings. 
(6) Water is used in hot water bottles because its sp. heat is...... 
[low, high] 
(7) Mercury is used in thermometers because its sp. heat is...... 
[low, high] 
(8) Compressed air in the tube of a wheel of a cycle at normal 
temp. suddenly starts coming out from a puncture. The air inside 
(a) starts becoming cooler. 
(b) starts becoming hotter. 


(c) remains at the same temp. 
(9) Air in a metallic cylinder is suddenly compressed by a 


piston which is then maintained at the same position. With the pass- 
age of time, the pressure 


(a) decreases (b) increases (c) remains the same. 
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(10) Sp. heat of saturated vapours is...... [positive, negative] 
(11) Ordinarily, sp. heat...... with increase of temp. 
[decreases, increases] 


(12) Sp. heat of carbon or boron ..with increase of temp. 
[decreases, increases] 


(13) According to Dulong and Petit’s Law, (sp. heat)...(atomic 


weight) =6'4, a constant for solids. [x, +] 
(14) Rate of cooling for water and mercury is...under identical 
conditions of cooling. [same, not same] 


(15) When equal volumes of water and glycerine are allowed 
to cool under identical conditions, their...will be equal. 

[rates of cooling*, rates of loss of heat} 
(16) Newton’s Law of Cooling is applicable when the difference 

of temps. between the hot body and the surroundings is... 
[large, small] 
(17) A ball A has twice the diameter as another. ball B of the 
same material and with same surface finish. 4 and B are both heated 
to the same temp. and allowed to cool. Then the rate of cooling of 


(a) the same as that of B. (b) half that of B. 
(c) twice that of B. (d) four times that of B. 
(18) Cooling constant...... the same constant for every liquid 
because it depends upon the nature i.e, the sp, heat of the liquid. 
lis, is not] 
(19) There are four glass cylinders A, B,C, D of same dimensions. 
A is empty, B is full of water, Cishalf full of water and D is half 
full of water with food colouring. When these are placed in the sun, 


thermometer in the cylinder ..... will go up fastest. [4, B, 0, D] 
(20) In Q. (19) above, thermometer in the cylinder...will record 
the highest temp. after, say, 3 hours. [A, B, 0, D] 


Ill. Name the scientific terms which denote the 
following : ; 

(1) Mass of water which will take in or give out the same 
quar tity of heat as is done by a body when both undergo the same 
change of temp. 

(2) Quantity of heat required to raise the temp. of a body 
by 1°. : 

(3) Quantity of heat coming from the sun and falling perpendi- 
cularly on | sq. cm. area of the earth in 1 minute. 

(4) Total heat gained =Total heat lost. 


(5) Branch of Physics dealing with the measurement of heat. 


*Rate of cooling means fall of temp. per second while rate of loss of heat 
means heat lost per second. 


Ky 
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(6) Measurement of altitude of a place with the help of boiling 
point of a liquid. 


(7) Ratio of the rate of cooling and the mean difference of 
temp. of the body over the surroundings. 


CHAPTER XVIII 
CHANGE OF STATE 
I. Name the scientific terms which denote the follow- 
ing: 
(1) The change that takes place from the solid to the liquid 
state, and vice versa. 


(2) The change that takes place from the liquid to the gaseous 
state, and vice versa. 


(3) The change that takes place from the solid to the gaseous 
state directly and vice versa. 


(4) The heat which does not produce a rise in temp. 


(5) Amount of heat required to change a unit mass of a solid 
into liquid without change ot temp. 


(6) Quantity of heat required to change a unit mass of a liquid 
into gaseous state without change of temp. 


(7) Melting of ice when subjected to pressure and its refreezing 
on removing the pressure. 


(8) A mixture in which heat is lost on account of change of 
state of its one or more constituents. 
(9) An instrument in which the mass of ice melted helps in 
utilising the law of mixtures. | 
(10) Vapours present in an enclosed space along with the liquid. 


(11) Vapours whose pressure does not depend upon their 
volume. 


(12) Vapours which do not obey Boyle’s Law. 


(13) A process in which a liquid changes into gaseous form from 
its surface silently. 


(14) An instrument in which the mass of steam condensed helps 
in utilising the law of mixtures. 


(15) The temp. where the vapour pressure of a liquid equals 
external pressure acting on it. 
Il. Complete the following sentences by putting in suit- } 
able words or phrases : 
(1) Melting point of ice is...by the decrease of pressure. 
(2) Melting point of iron is...by the increase of pressure. 
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(3) Melting point of wax is...by the increase of pressure. 

(4) When iron (or ice) melts, its volume...... 

(5) When wax (or copper) melts, its volume...... 

(6) Boiling point of a liquid is...by the increase of pressure. 


(7) In the dehydration of foods,...are used to hasten the drying 
process. 


(8) Impure water boils at...temp. than pure water. ; 

(9) The temp. of water...when sugar is dissolved in it. 
(10) Cooling effect of ice is due to its...latent heat. d 
(L1) Difference between L.H. of water and L.H. of fusion ofice 


(12) 1 c.c. of boiling water becomes......c.c. of steam at the same 
temp. and pressure. 
(13) On melting, 1 gm. of ice decreases in volume by...c.c. 


(14) The temp. to which air must be coole 


d before it can be 
liquefied by pressure alone is called its 


II. Complete the following sentences by choosing the 
correct words or phrases from the clues given against each : 


(1) Freezing point of sea-water is...than that of fresh water, 


(higher, lower] 
(2) Sca-water freezes 


ai than fresh water. 


[less readily, more readily] 
(3) On very cold days, it is...... to make snowballs, 

[easier, more difficult] 

ting on...... 
lice, water] 
(5) It is...that two bursts will occur in the same exposed water 
pipe during very cold weather. R [unlikely, likely] 
(6) Sp. heat of a substance...... if the scale is °F or °R instead 
[changes, remains unaltered] 


Basses if the scale is 
[increases, decreases, 


(4) A person skating on ice is actually skai 


of °C. 


>, (7) Latent heat of a substance °F instead 
of °C, remains unaltered] 
ncrease in boiling point of water, 


[increases, decreases] 


(8) L.H. of steam...by i 


(9) Temp. of ice-cream is... that of ice, 
[same as, lower than, higher than] 
(10) When it is raining or Snowing, the temp. of the air... 


(11) The aj ecreases, increases, remains unaltered] 
he air containing Water vapours i . 
Seeses, he same 
temp. and pressure. P dry air att 


[as dense as, denser than, less dense than] 
(12) Unsaturated vapours obey Boyle’s Law... 


{approximately, fully, not at all] 
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(13) Unsaturated vapours obey Charles’s Law... 
[approximately, fully, not at all] 
(14) A vigorously boiling liquid has a...... temp. than the same 
liquid boiling slowly. [higher, lower, same] 
(15) Solids dissolved in liquids...the boiling point. [raise, lower] 


(16) Once the water in a pan has begun to boil, the food being 
cooked in the pan...more quickly when the heat is increased. 


[cooks, does not cook] 

(17) Evaporation occurs...rapidly in a vacuum than‘in air. 
[more, less] 
(18) Vapour pressure of a salt solution is...... than that of pure 
water. [lower, higher] 

(19) The boiling point of a liquid is affected by... 

(a) external pressure ; (6) external vapour pressure ; 
(c) addition of soluble solid ; 
(d) addition of non-soluble solid. 

(20) A beaker of water is placed on a table. It can be made to 
boil by passing steam through it ata pressure...the atmospheric 
pressure. fequal to, lower than, higher than] 

IV. State the physical principles involved in the case 
of the following : 

(1) Formation of snowballs. (2) Motion of glaciers. 

(3) Bunsen’s ice-calorimeter. (4) Refrigerator. 

5) Ice-cream machine. 6) Ammonia ice-plant. 
P 
(7) Pressure cooker. 


CHAPTER XIX 
HYGROMETRY 


I. Complete the following sentences with correct 
words or phrases : 


(1) Absolute humidity is the mass of water vapour actually 
present in... 


(2) Relative humidity is the ratio of the actual vapour pressure 
at room temp. to... 


(3) Dryness or wetness of air is determined by...... and not by 


(4) Relative humidity is the ratio of saturated vapour pressure 
at dew point to... 


6) Dew point is the temp. at which the actual water vapour 
present in air is... 
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(6) When it is raining, the dew point is, a 

(7) When it is raining, the relative humidity is... ' 

(8) When it is raining, the difference between the readings of 
the wet bulb and dry bulb of the hygrometer is 


(9) Mist is formed due to the condensation of water vapours 
8... 


(19) When mist becames thick, it is caiied... 


(11) Hoar-frost is nothing bur... 
(12) Maximum vapour pressure at the daw point... 


Fad AA Ô, ' m $ 
(13) Maximum vapour pressure of water at 100°O i.e. at ite 
boiling point is... 


Ii, Select. the correct answers from among the brackets 
for completing the following statements ; 


(1) «i$ an instrument used for measuring humidity of air, 
(Hydrometer, Hygrometer, Barometer] 
(2) The air containing water vapours is.. 
Same temp. and pressure. [as dense as, denser th 


(3) If the difference between the readings of the dry bulb and 
wet bulb be large, it shows greater degree of...of the air. 


‘the dry air at the 
an, lesz dense than} 


[wetness, dryness} 
air at that place, 
[increases, decreases] 


( ) Human breathing...the dryness of 


(5) Heating the air in a room causes the 


relative humidity to 
be... [increased, decreased] 
(6) Presence of a person...the formation of dew, 
[accelerates, retards] 
(7) No dew is formed when the sky is... [clear, cloudy] 
(8) No dew is formed when the night is... (calm, windy] 
: (8) Rate of dew-formation increases when the relative humidity 
13% 


[high, low] 
(10) More dew is formed on...of heat. 


[conductors, bad conductors] 
(11) Maximum dew is formed... 


[near the ground, on the top of the building, 


higher up in the sky] 
(12) Dew point is...when water js Sprayed j 


nto a room, 
one [raised, lowered] 
; St is...i t- 
7 ? i i ee a T free vacuum. [formed, not formed] 
/ 4) When the rate o evaporation of water is mor iden- 
tical conditions, the relative humidity of air is... AIS Teh aa 
3 7 , 
(15) When the atmospheric pressure decreases, the Tate of evapo- 


ration of water... 
[increases, decreases] 
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(16) ...air is necessary for spinning and weaving cotton. 
5 [Dry, Wet] 
(17) When the relative humidity is very high, we feel... 
[oppressed, pleasant] 
(18) When a khus-khus tatti is used to cool a room in summer, 
the air temp, in the room drops to its 
[Wet-bulb thermometer reading, dry-bulb thermometer reading, 
SW pOini, micinium temp 
(19) Out of the following sets of tamps. of dry and wet bulb 
thermometers, the one which will indicate a rainy day is... 
L(A", 18°C), (85°, 34°C), (30°, 20°C), (25°, 10°60) 
I. Which of the following statements are wrong ? 
Also correct the wrong statements : 
(I) Frost is formed by the freezing of air, 
(2) Hail-stones are formed when the cloud freezes, 
(3) Dew is readily formed when the absolute humidity of air is 
high. 
(4) Dew forms more often in hollows among high ground than 
on the high ground. 
(5) Saturated vapour pressure of any liquid is independent of 
the volume of the enclosed space. 
(6) When the temp, of saturated water vapours is raised at 
constant volume, its pressure increases. 
(7) When the volume of saturated water vapours is decreased 
at constant temp., its pressure increases. 


(8) A person in an air-conditioned room at 90°F feels much 
cooler than in an ordinary room at about the same temp. 


IV. Match the statements in column B with those in 
column A: 


Column A Column B 
(1) Chemical Hygrometer (a) studies effect of temp. on the 
vapour pressure. 


(2) Daniell’s Hygrometer (6) measures relative humidity. 
(3) Regnault’s Hygrometer (c) measures absolute humidity. 
(4) Wet and Dry Bulb (€) measures dew point directly. 
Hygrometer 
(5) Regnault’s Apparatus (2) controls the condition of in- 
coming air. 


—_ 
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CHAPTER XX 
MODES OF HEAT TRANSMISSION 


I. Complete the following sentences with correct words 
or phrases * 


(1) In conduction, heat travels.....the movement of the 
particles. 


(2) In convection, heat travels.....the movement of the 
particles. wang ke 

(3) In conduction and convection,’medium is... 

(4) In radiation, heat travels...heating the medium. 

(5) In radiation, medium is... Y 

(6) Conduction and convection are.. processes while radiation 
is a...process. 

(7) Velocity of thermal radiations equals... 


(8) In conduction and convection, heat travels along 
while radiant heat travels along...path. 


(9) Heat of the sun reaches earth by... 
(10) A hand held over a fire receives heat by... 
(11) A hand held in front of a fire gets heat by... 


(12) A room heated by hot water pipes running along the floor 
receives heat by... 


(13) Radiant heat is non-luminous... 
(14) Water is a...conductor of heat. 
(15) A good absorber is a...reflector of heat. 
(16) A good reflector is a...absorber of heat. 
(17) A good radiator is a - absorber of heat. 
(18) A poor radiator is a...absorber of heat. 


(19) For all surfaces, the ratio of radiating power and absorbing 
power is... 


(20) Rough and dull-coloured clothes are...of heat, 
(21) Polished and bright surfaces are.. 


(22) Radiant heat obeys the laws of... 


it ee Body, which absorbs 100% of all radiations falling upon 


-of heat. 


II. Complete the fol 


lowing sentences choo 
rect words from the clue 


y a sing the cor- 

Siven against each : 

(1) When we sit before an electric heater, the heat reaches us 
[conduction, convection, radiation] 


[also radiates, does not r adiate] 


YY wae 
(2) A cold body...heat, 
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(3) When a burning coal is placed ona piece of fine muslin 
cloth stretched over a copper vessel, it... [will burn, will not burn] 


(4) Land warms up or cools ‘off more...than water. 
[slowly, quickly ] 


(5) The ocean gets heated more slowly than the Jand because 
the sun’s rays penetrate water to a...depth. [less, greater] 


(6) In windy weather, fur-lined gloves are...than fur-covered 
gloves. [warmer, colder] 
(7) Radiant heat...polarised. [can be, cannot be] 

8) Two thin blankets are...a single one of the same thickness. 
i than] 

as warm as, warmer than 

(9) In the steady state of a heated rod, its sp. heat plays... 

[an important part, no part] 
(10) Despretz’s method is used for comparing thermal conducti- 


vities of two... [solids, liquids, gases] 

(11) Ingen-Hausz’s apparatus is used for comparing thermal 

conductivities of two... [solids, liquids, gases] 

(12) In determining the thermal conductivity of a solid by 

Searle’s apparatus, the body is used in hee [variable, sane 
ich radiant heat can’ pass are calle 

(13) Substances through which ra i aa pees 


ti s which absorb radiant heat are called... 
OS ai ta [diathermanous, athermanous] 


(15) A black spot on a platinum foil appears...than the plati- 


num itself at low temperature. (darker, brighter] 
16) A black spot on a platinum foil appears...... than the plati- 

num Gar at high temp. [darker, brighter] 
(17) If a piece of black cloth and a piece of white cloth are laid 

on the snow, it is observed that the...... cloth remains on the surface 
wR thes.c.. cloth sinks into the snow and makes a BE Teen 


(18) A hollow wall packed with sawdust is...... effective in 
preventing heat from entering or leaving a room than a hollow wall 
which contains only air. [less, more] 

(19) Thermal conductivity usually...... with increasing temp. 

(decreases, increases] 

(20) A layer of snow will......crops at the time of severe frost. 

[protect, damage] 

(21) Trodden snow on the footpath melts...... than the uatrodden 
snow beside it. [slower, faster] 

sunlight, dirty snow melts...... than the clean snow. 

Capes 2 i [slower, faster] 

; 3 board, the ice should be 

23) To insulate a cold-storage cup p 

iG y the...... of the cupboard. [top, bottom] 
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(24) Which of the following cylindrical rods will conduct most 
when their ends are maintained at the same steady temps. ? 

(a) Length 50 cm ; radius 1 cm. 

(b) Length 100 cm ; radius 1 cm. 

(c) Length 100 cm ; radius 2 cm. 

(d) Length 50 cm : radius 2 cm. 


(25) The conductivity of a super- 


[ heat 


conducting material is 
(a) zero (b) small () large (d) infinite 


(26) It is hotter the same distance over the top ofa fire than it 
is in the side of it mainly because 


(a) air conducts more heat. 

(b) heat is radiated upwards. 

(c) convection takes more heat upwards. 

(d) convection, conduction and radiation al] 
significantly in transferring heat upwards. 


(27) Pressure of sunlight 
seen travelling with its tail al 


contribute 


is responsible for the motion of a comet 


Ways... the sun. 
[towards, away from] 
III. Name the scientists with whom you would associate 
the following : 


(1) Safety lamp for miners. 
iss (2) Accurate method of determining thermal conductivity of a 
solid, 
(3) Theory of thermal exchanges, 
A (4) A simple apparatus to study the steady state of a heated 
rod. 


(5) An apparatus using K, : K, 


) A =1? : 1,2 for comparing thermal 
conductivities of two solids under Steady state. 

(6) The tem - at which a bod red- 
visible i'd aust Rag ody becomes red-hot and becomes 


( ) paratus used for comparin: 
7) An appa; f the ai Wi 1°) 
P p: g h: radi; ung powers of 


(8) The law that “the rate of emissio; 


any surface js directly Proportional to the four 

) th power of the absolute 
temp. of the surface—provided that the given SS is at a temp. 
much higher than that of the surroundings”, 


n of radiant heat from 


the rate of emission of 
ortional to the di 
Surface and th i een 


| 


im 
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IV. Name the physical principles involved in the case 
of the following : 

(1) Davy’s safety lamp. (2) Ocean currents. 

(3) Land and sea breezes. (4) Double-fly tents. 

(5) Hot-water system in big buildings. 

(6) Trade winds. 

(7) Ventilation, Jantern, Factory chimneys. 

(8) Wrapping of ice in gunny bags or blankets. 

(9) Greater warmth of woollen clothes than cotton ones. 


CHAPTER XXI 


MECHANICAL EQUIVALENT OF HEAT 
AND HEAT ENGINES 


I. Complete the following sentences with correct 
words or phrases : 

(1) J=......joules/calorie. 

(2): IS ft. lb./B. Th.U. 

(3) 1 calorie=......ergs of work. 

(4) 1 gm. TE when heated from 0°C to 100°C, acquires 
aTe additional mechanical energy. 

(5) 1 gm. of water at 0°C is converted into steam at 100°C. It 
has acquired...... additional mechanical energy. 

(6) Any energy transformer is called...... 


(7) A machine which is utililized for converting heat energy 
into mechanical energy is called...... 


(8) The efficiency of a boiler is. 
forms on the outer surface of the boil 


(9) The efficiency of a boiler is...... by the layer of scale which 
is deposited on the inner surface of the boiler. 


...by the layer of gas which 


(10) When 0:93 watt hour of energy is supplied to a block of 
ice weighing 10 gm, it is found that...... melts. 


II." Complete the following sentences choosing the 
correct words from the clues given against each : 


(1) Heat is.....- [a degree of hotness, a form of energy, 
an invisible fluid called caloric] 
: Steam engine is an.....- combustion engine. 
(2) 8 [internal, external] 
i - Diesel engine is an......combustion engine. 
(3) Petrol or 5 [internal, external] 
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4) The efficiency of a petrol engine is...... that of the steam 
ern x J [ess than, greater than], 
(5) In a steam engine there is/are 


boned dead centre/centres in 
each cycle of the piston. 


[one, two or more], 
(6) In a steam engine, a dead centre is overcome by the use 


Oleee [high pressure steam, flywheel] 


(7) In the case ofa four-stroke petrol engine, the real useful 
work is done in its...... stroke. 


[suction, compression, explosion, exhaust] 


(8) In the case of a four-stroke petrol engine, the sparking plug 
ignites the fuel at the end of...... stroke. 


{suction, compression, explosion] 
(9) At Bhakra Dam, the temp. of the falling water at the base 
of the dam is...... that at the top. [more than, less than, as much as], 

(10) The temp. of the fountain water is...... that of the tap 
water. [more than, less than, as much as] 
(11) Efficiency of a 


Aa steam engine is greater than that of 
aE. steam engine, [condensing type, non-condensing type] 

(12) Tf the steam goes directly into the air, the engine is a...... 
pressure engine. 


(high, low] 
- pressure engine, 


[high, low] 
(14) At high speeds, the turbine is..... efficient than the re- 
ciprocating engine. 


[less, more], 
-.-fuel than the gasoline engine, 
{costlier, cheaper], 


(13) When a condenser is used, we have a... 


(15) The Diesel engine uses a .. 


(16) Kinetic Theory of Gases is based upon 


(a) experimental observations of molecules. 


(b) assumptions that are considered vague and doubtful. 
(c) assumptions that are considered valid because the 
results of the theory agree with the experimental data. 
(17) when temp. of a gas is kept constant and the volume is 
reduced, the pressure that the gas exerts on the walls of the container 
increases because 


(a) each molecule hits the 


walls with greater speed, 
(b) cach molecule loses m 


ore energy when it strikes the 
wall. } 

(c) each molecule Joses more momentum when it strikes. 
the wall. 


(@) the number of molecules striki f $ 
time has increased, nking the wall per unit 
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(18) A vessel contains equal numbers of hydrogen and oxygen 
molecules and the total pressure is 760 mm. of mercury. If all the 
oxygen molecules are removed from the vessel, 

(a) pressure inside the vessel will fall to half the value. 

(b) pressure inside the vessel will remain unchanged. 

(c) pressure inside the vessel will be 1/8th of the original! 
pressure. 

(19) -According to the Kinetic Theory of Gases, the molecules of 
two gases at the same temp. and pressure have the same average 


K.E. Then the average velocity of hydrogen molecules will be...... 
that of oxygen molecules. 
(a) equal to, (b) greater than, (c) less than. 


(20) If hydrogen and oxygen gases exert the same pressure at 
the same temp., then on the average the hydrogen molecules wilk 
strike the walls of the container per second...... the number of oxygen 
molecules striking the walls per second. 


(a) 4 times, (b) 16 times, (c) 1/xth. 

(21) An inventor claims to have made an engine which cone 
sumes | gm. of fuel per second (of calorific value=2 kilocalories per 
gm.) and delivers 10 kilowatt of power. 

(a) This is possible. (b) This is impossible. 
(c) The possibility of the invention is determined by the 
design of the engine, 


(d) The possibility of the invention is determined by the 
nature of the fuel used. 


Ill. Name the scientists with whom you would associate 
the following : 
(1) Heat is a form of energy. 


(2) The first person who detérmined experimentally the value 
of conversion factor for work done and heat produced by it. 


(3) Frictional-cone method for experimental determination of J. 


(4) Experimental determination of J with the help of two sp. 
heats of a gas (at constant pressure and at constant volume). 


(5) Steam engine. 
(6) Four-stroke petrol engine. 


— 


Short-Answer Questions 


1. Why is pure ice used for marking the lower fixed point and 
the stam for marking the upper fixed point of a thermometer ? 


Ans. A constant temp. bath is provided by the pure melting ice 
at 0°C or 32°F and by boiling water at 100°? or 212°F. The temp. 
of the boiling water does not represent the true boiling point due to 
the impurities in water. The b.p. of pure water at the atmospheric 
pressure is exactly the temp. of the steam at that pressure. Hence 
‘their use. 

2. What do you mean by room temp. ? 


Aus. It is the temp. of air inside a room. It is noted by sus- 
pending a thermometer in a beaker containing fresh tap water. _ 
Greater constancy of temp. is ensured by the water placed in the 

y P P 


‘room than by the air. 


3. What can be the range of a mercury thermometer ? 


Ans. The highest temp. which can be recorded by it is 357°C 
cand the lowest is—39°C. 


If the space above mercury is filled with nitrogen gas under 
pressure, the highest temp. can be measured upto 500°C (because 
‘increase of pressure raises the boiling point of a liquid). This limit 
iis due to melting point of glass. Using nitrogen and replacing glass 
by silica, mercury can be used to measure temps. upto 750°C. 


4. Why do haystacks catch fire without any apparent cause ? 


Ans. Because the hay has been stacked damp or the rain has 
made it so. The wet hay decays and undergoes a state of fermenta- 
tion, during which process great heat is produced. As this heat can 
not escape, so it sets the stack on fire. 


5. Does heat always produce light ? 

Ans No Many metals and substances can be heated without 
producing light. „An oxy-hydrogen blow lamp, though giving a heat 
of over : 800°C, gives a flame which is scarcely visible in the daylight. 


6. Why is å hot thi ooled whil ha blowi 
our breath one ? ting cooled while a cold thing warmed by blowing 


Ans. Temp. of our breath is 36°9°C (or 98'4°F) i.e. the temp. 
of our body. We know that heat flows from a body at higher temp. 
Tont at lower temp. till there is an equalization of temps. 

us a hot thing will lose heat to our breath while a cold thing will 
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gain heat from our breath blown on it to equalize their temp. Hence: 
the required effect. 

7. A patient washes a clinical thermometer in toiling water. When: 
the doctor uses it, he finds it useless. Why ? 

Ans. A clinical thermometer is usually graduated from 35°C" 
to 45°C because a person will die at 35°C due to weakness and at 
45°C due to overheating when the tissues are burnt out. Since the 
boiling point of water is 100°C, therefore when the clinical thermo- 
meter is washed in boiling water, mercury will expand and finding no. 
room for expansion will break the thermometer bulb (which is usually 
very thin and is thus its weakest point). As mercury has run out of 
the thermometer, it has become useless. 

8. A clinical* thermometer is kept in a patient’s mouth for 2 or- 
3 minutes. But after taking it out, mercury can be jerked down after 
a lapse of just a few seconds. Why is it so ? 

Ans. At first the difference in the temps. of patient (or any 
person) and thermometer is large and therefore mercury expands 
rapidly. But as this difference becomes quite small, the heating of 
the thermometer takes place slowly and hence the mercury also ex- 
pands quite slowly. Evidently, we should keep che thermometer bulb 
in the patient’s mouth for a considerable time. 

On the other hand, when the thermometer is taken out, there 
is a great difference in the temps. of mercury and the surrounding air.. 
As mercury will contract rapidly in the bulb there will be enough 
space, even after a few seconds, in the bulb for the mercury in the 
stem to be jerked down. 


9. How can you measure the temp. of stars ? 


Ans. It is generally done by studying the distribution of energy 
in the spectrum of stars. The wavelength (Amas) corresponding to 
the maximum energy is taken in account in the formula 

T Àmas =b (a constant) 
where b=0°2884 cm. X°A and T is the required temp. in degrees 
absolute. 

10. What is the lowest possible temp. ? 

Ans. The molecules in any state of matter move slowly and 
contract on cooling. It has been proved that at 273° below zero 
degree Celsius, all the molecular motion ceases, its volume becomes 
zero and at this point there is “‘no temp.” Itis called absolute zero 
(=—273°C). Nobody has succeeded in producing this temp. so far. 


11. Why does a solid expand on heating ? 


Ans. All substances are made up of molecules having kinetic 
enetgy. On heating, they get an extra K.E. which increases the 
extent of their vibrations. This results ia expansion. 


*The glass of the stem of a Clinical thermometer is designed to ac 
a lens so that the mercury thread is magnified and thus more easily read. Se 
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12. Do all the substances expand by heat ? 


Ans. Yes, mostly it is so. But there are several exceptions. For 
example : 

(i) The volume of water decreases when it is heated from 0°C 
to 4°C. [Water has minimum volume and so maximum density at 
4°C. At this temp. it enables animals to live under water even in 
severe winter. ] 

(it) Below - 80°C, silica contracts on heating. 
(vit) Below 142°O, silver iodide also contracts on heating. 


(iv) Stretched rubber, stretched Icather, etc. also contract on 
heating. 
`- [Note : Such substances, which contract on 


heating, have 
negative coefficient of linear exzpansion.] 


13. Why do water pipes sometimes burst in winter ? 

Ans. Due to the outside cold, water in th 
‘solid ice, i.e. water expands. 
great on the sides of the pipe t 
room for its increased volume. 


14. Why are iron wheel-tyres made"red hot before being placed 
over the wooden wheels ? 


Ans The iron-wheel (rim) 


e pipe freezes into 
This force of expansion is sometimes so 


hat it causes it to burst, and thus makes 


is made abit smaller than the 
‘wooden wheel. On heating, the iron-wheel expands and so it can 


be put over the wooden wheel. Then cold water is poured on it and 
the rim contracts on cooling and grips tightly on the wheel, holding 
firmly together the whole assembly. 

15. When you rub your ha 
but finally reach a maximum tem 
can you account for this ? 


nds together vigorously, they warm up 
no matter how long you rub. How 


Ams. Temp. of your hands will contin 
mechanical energy of rubbing or friction transferred onto them per 
unit time is greater than the heat energy flowing out of them per 
unit time. With the rise of temp. of your hands, the rate of heat-flow 
rises because it is proportional to the difference in temps. of your 
hands and the surrounding air. When you reach a point at which 
heat flows out as fast as mechanical energy is put into your hands 
their temp. will rise no further. H 


16. (a) A piece of metal and a 
temp. Why does the metal feel colde 
cold, and hotter than wood when hot ? 


(b) At what temp. will the meta 


ue to rise as long as the 


piece of wood are at 


the same 
lo the touch than the wo 


od, when 


Land the w ; 
they are at the same temp. ? eO eae paonon 
Ans. (a) : Thermal conductivity of metals į 
of wood. When ARE 


a greater than that 
P. higher than that of our 


on contact, more heat in 


they are hot, i.e. at a tem 
‘body, the metal will transmit to our body, 
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unit time than will the wood. And ifthe metal is colder than our 
body, it will take from our body in unit time more heat than wood 
at the same temp. will. Therefore, in the first case metal will seem 
hotter than wood, and in the second case it will seem colder. 


(b) : Evidently, when the metal and the wood are both at the 
same temp. as our body, they will seem equally hot when touched 
since there is no transference of heat. 


[Note : For the same reason, a carpet feels warmer to the feet 
than docs a stone flour in winter.) 


17. Why are telegraph wires oflen given a sag ? 


Ans. It is done to allow for contraction when the temp. falls. 
If the wires are stretched tightly ona hot day, then during a cold 
day as the wires would contract, a considerable tension will be pro- 
duced. This tension can even break the wires. 


[Note : For the same reason : (i) Gaps are left in the roadway 
of a bridge ; (ii) Gaps are left in concrete roads ; (iii) Hot water 
pipes or oil pipes in deserts are provided with loops here and there ; 
(iv) One end of a metal bridge is placed on rollers so that it can 
move when it expands or contracts.] 


18. Whenever a metallic wire is to be fused in glass, it is of 
platinum. Why ? 


Ans. Platinum and glass have almost egual co-ficients of 
expansion. Hence their joint will neither crack nor leave a cavity for 
air or any other fluid to enter when heated or cooled. If some other 
metal is taken, the joint will either fracture or become loose on 
account of unequal expansions or contractions when the temp. of the 
joint is raised or decreased. 


[Note: These days, platinum has been replaced by an alloy 
called Dumet consisting of iron and nickel.] 


19. Two glass tumblers have stuck together into each other. How 
will you separate them by the use of cold water ? 

Ans. When we are given cold water, we shall pour it in the 
inner tumbler which will coutract while the outer one will remain 
atroom temp. This will result in loosening the grip of the outer 
tumbler on the inner one and thus they can be easily separated. 


20. Two glass tumblers have stuck together into each other. How 
will you separate them by the use of hot water ? 


Ans. When we are given hot water, we shall dip the outer 
tumbler, nearly upto its brim, in hot water. This will expand the 
outer tumbler while the inner one will remain atroom temp. As 
this creates some space between the two tumblers, they can now be 
easily separated. 


21. Would a single large sheet of copper be satisfactory to cover 
one half of a roof on a house ? 
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Ans. Wo ; its expansion would be so great that it would buckle 
and pull the tacks loose. [That is why concrete roads are marked off 
into blocks.] 


22. A pendulum clock is regulated in winter. Will it gain or 
lose time in summer ? And why ? 


Ans. Whenever a clock is regulated, its time period is made 
2 seconds at that time. And the time period of a pendulum is given 
by the relation t=2z4/ ijg. 


In summer, the temp. is higher than that in winter. Therefore, 
on account of expansion, the length J of the pendulum increases which 
increases the time period ¢ of the pendulum, Suppose it becomes 
1 “01 seconds. Since the mechanism of the clock is such that it records 
2 2 seconds for one vibration, therefore, although here the time 
oW S 2:01 seconds, but the clock-hand registers only 2 seconds. 
elapsed A every 2°01 seconds, the clock loses 2:01—2=0:01 second. 


THAT See clock will run slower in summer. 
ence the 


(Siete « Similary, we can show that a clock regulated in summer 
will gain time or run faster in winter.] 


23. (a) What do you mean by a compensated* pendulum ? (b) 
How is it done? (c) Can you somehow do without it? 


temp. changes, so that its time period can remain constant Such a 
clock will neither gain nor lose time with the change of temp. Thus 


) st way of doing this is by using strips or rods, 
of two different metals in its construction in such a way that the rods 


of one metal contract (or expand) in one direction while the rods of 


second metal contract (or expand) in the opposite direction by the 


Same amount. Thus the C.G. of the pendulum remains at a fixed 


position. Thus the effective length of the pendulum is kept constant, 


account of seasonal changes in temp. 


24. Why should a li 
and real ? 


Ans. Whenever we have to heat a liquid, it is to be taken i 
a vessel. Evidently, when this liquid is heated up, the vesse] EER 
expands. If we do not take into consideration the expansion of the 
vessel, we get somewhat decreased expansion of | 


5 L i the lıquid, called 
its apparent expansion. If we take into consideration ‘ies expansion 


quid have two types of expansion - apparent 


“All solids expand when heated ; i 
to serve useful purpose while in Others it isa nuisance fi i 
compensation has to be made. or which allowance or 
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of the vessel, we get the correct expansion of the liquid, known as 
its real expansion. These two expansions ofa liquid are related to 
each other through the expansion of the vessel. 

25. A solid floats in a liquid so that it is just totally immersed. 
What happens when the system is heated so that the temps. of the solid 
and of tha liquid are always equal ? 

Ans. Liquids generally expand moré* than solids for the same 
rise of temp. As the temp. increases, the wt. of liquid of volume 
equal to that of the solid decreases i.e. the upthrust on the solid 
decreases. As a result the solid starts sinking down. 


26. In Dulong and Petit’s Method, aithough its one limb con- 
tracts and other lim) expands and we do not take into consideration this 
contraction or expansion, and yet we calculate the corfficient of real 
expansion of a liquid. How will you justify this anomaly ? 

Ans. The reason is that in this method we do not use thrust 
of the liquid in the two arms. We equate the balancing pressures 
and we know that the pressure of a liquid (or gas) column is inde- 
pendent of the area of cross-section of the tube. 

27. Why do the aquatic animals live safely in lakes and ponds 
even in the severest winter in cold countries when the temp. falls below 
the freezing point ? 

Ans. When water is cooled, its contraction continues up to a 
temp. of 4°C where its density is maximum. Further cooling is 
accompanied by expansion until its freezing temp. of 0°C is reached. 
This temp. of 0°C is for the water on the surface while it is still 4°C 
at the bottom. Since the temp. of air is below 0°C, it will be the 
water on the surface which will freeze into ice while the water at the 
bottom will remain at 4°C. And since ice is a bad conductor of heat, 
so the layer of ice on the surface will not allow the 4°C water at the 
bottom to lose its heat. This helps the aquatic animals to continue 
to live in 4°C water in the severest winter. 

28. Why do ponds and lakes freeze around the edges before they 
do in the middle ? 

Ans. Because the shallow water will be cooled to 4°C at the 
bottom more quickly than can be the deeper water. 

29. How can you remove a small dent from a ping-pong ball ? 

Ans. Gases expand much more than solids when heated. 
The expansion of the ball will be nearly negligiblet when heated 
above a flame and hence the pressure of the inside air will increase. 
Since this pressure acts uniformly on all sides, the deformed ball must 
return to the spherical shape. Thus the dent will disappear. Now 
the ball can be cooled to the room temp. 


*That is why a mercury thermometer with only its bulb in hot water will 
read less than when the stem of the thermometer Is lowered deeper into the same 


hot water. x 
That is why we do not talk of apparent expansion of a gas although 


it is also contained in a vessel. 
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30. Two identical vessels filled with hydrogen are connected by 
a tube in which there is a small column of mercury (Fig. 2-2). In one 
vessel the hydrogen is at 0°C aud in the other at 20°C. Will the column 
of mercury be displaced if both vessels are heat-d through 10°C ? 


Aus. When both the vessels 


hi are heated through 10°C, then to 
(Ww ess calculate the final pressure 
ae (i) P, for H, at 0°C, we 

G have 

=m FEU SONORA 

Fig. 2-2 273 273+10 
283 : 
or Paso XP=1-04 P 
(ii) P, for H, at 20°C, we have 


PV PV PSOE Te ail 
2713+20 273430 % Pe=—gog LE 


Since P, < P,, so the column of mercury will shift towards the 
vessel in which the hydrogen was at first at 20°C. 


31. Human body can stand hot air without being burnt but hot 
water at the same temp. is dangerous. Why? 


Ans. Total heat contained by a body depends upon its mass, 
sp- heat and temp. For equal volumes, the mass of water is far 
greater (nearly 775 times) than that of air. Also, the sp. heat 
of water is much greater (nearly 6 times) than that of air. Hence, 
when equal volumes of water and air cool down through the same 
range of temp. while imparting heat toa human body, water gives 
out much more heat than is done by air. Hence the difference in 
their effects. 


32. Why is water used in hot water bottles for fomentation ? 


Ans. For fomentation that substance is to be used which will 
give out more heat when its given mass is cooled through a given 
range of temp. This substance will also absorb more heat on warm- 
ing. Since this heat depends upon the mass, sp. heat and range of 
temp. of a substance, therefore, the most suitable substance for 
fomentation will be the one having maximum sp. heat, and of all 
solids and liquids, water has the highest sp. heat. Hence the choice 
of water is most suitable. 

[Note : For the same reason, 


: } hot water is used in pipes fur 
heating rooms in cold countries | 


33. Why does the climate of the places near the sea remain mode- 
rate throughout the year ? 


_ Ans. We know that sp. heat of water is very high and so it 
requires more heat to change its temp. through a given range. During 
the day when the sun shines, the earth becomes hotter than the water 
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of the sea. Hence the air in contact with the earth becomes hotter 
and lighter and so it rises up. As it creates a partial vacuum on this 
part of the earth, so to occupy this place moist and cool air from the 
sea moves towards the earth. This is known as the sea-breeze. 

At night, the earth cools down much quicker than the sea-water- 
Evidently, the air in contact with sea-water will rise up, resulting 
in the motion of cool air from earth towards the sea. This is known 
as the land-breeze. 


It is on account of these land- and sea-breezes that the climate 
near the sea remains moderate. 


[Note : Moderate climate is ideal for fruit growing. That is 
why fiuit-growing regions are commonly located near large tracks of 
water. ] 

34. A cycle party going on picnic to a beach finds the wind oppos- 
ing tt in the morning. After night-fall when the party returns, it again 
finds the wind opposing it. How and why should this happen ? 


Ans. First explain as in Q. 33 above how sea-breeze and land- 
breeze are caused. 


In the morning, the party encounters the sea-breeze and after 
nigh'fall it meets the land breeze. 


35. For a gas, why is its 83>s,? 


Aas. Sp. heat of a substance is equal to the number of calories 
of heat required to raise the temp. of | gm of substance by 1°C. 


In the case of sẹ, when we heat the given (1 =gm.) gas the 
pressure of the gas increases bus its volume remains the same. There- 
fore no external work is done by the gas, 


But in the case of sp, when we heat the given (=1 gm.) gas, 
its p-essure remains constant but its volume increases. As the gas 
expands against the external atmospheric pressure, it has to do some 
work. Moreover, the gas particles are to be drawn further apart 
against their mutual force of universal gravitation. For these, addi- 
tional heat is required besides the one that raises the temp. of the 
gas by 1°C. 

Hence s,>s,. 


[Note : Since an expanding gas has to do some work for its 
expansion, that is why (i) the air escaping from a puncture in a tyre 
is perceptibly colder than its surroundings, (ii) as we go up in the 
atmosphere, the temp. of air goes on decreasing as the compressed air at 
the bottom expands upward.) 


36. Can sp. heat be negative ? 


Ans. Yes; sp. heat of saturated vapours is negative. If we 
want to raise the temp. of | gm. of saturated vapours, some heat has 
to be withdrawn to keep them saturated. 

37. Why does ice appear colder than the ice-cold water although 
both are at the same temp. of 0°C ? 
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Ans. It is because of the latent heat of fusion of ice. When 
ice melts into water at U°C, cs each gm. requires 80 calories of heat 
which it absorbs from our hand. Further absorption of heat will 
remain same for both. It is this additional requirement cf 80 calories/ 


gm. for ice which makes the ice to appear colder than the ice-cold 
water. 


38. Why is the steam at 100°C more dangerous than water at 
100°C ? 

Ans. It is due to the fact that steam at 100°C has more 
quantity of heat due to its L. H. than water at 100°C, by an amount 
of 536 cal./gm. 


It is on account of this additional heat of 536 cal./gm. that the 
steam causes more severe burns than water at the same temp. 


39. Why does icé melt but wax harden when subjected to pressure ? 

Aus. We know from the laws of fusion that, by the increase of 
Pressure the melting point of substances which contract on melting 
€g. icc, \is lowered i.e. it melts and of substances which expand on 
melting e.g. wax, is raised i.e. it hardens. Hence the reason, 

[Note : Earth comes in the category of wax. Although the 
temp. of the interior of the earth is higher than the melting point of 
all known substances, yet the interior of the earth is solid because its 


interior is subjected to a very high pressure on account of its thick 
crust and hence the earth hardens ] z 


. 40. Why should ice-cubes coming from a fridge have 


‘Aas. Ice is lighter than water. When l c.c. of water freezes, 
it becomes 1'091 c.c. of ice. Moreover, freezing starts from the 
surface of water. Evidently when the water starts freezing in its 
metallic container (divided into many parts) 


| placed inside a fridge, 
ice takes up more room than water and hence its ice-cubes must 
ha; e bumps. p 


41. What makes the ice cube roll around as it melts in hot water ? 
Ans. As ice in hot water melts away on the bottom, 


bumps ? 


it becomes 


top heavy and rolis over to come again to a position of stable 
equilibrium. 

7 z Why do restaurants sometimes use ice cubes with holes in 
hem ? 


Ans. Liquid enters in these hol. 
greater surface of an ice- 
get colder more quickly. 


čs also and comes in contact 


with cube which melts faster, making a 


drink 
43. Dal or meat can be cooked in about 15 minutes in a pressure 
cooker while they take about an hour when cooked in an ordinary way- 
Why? Bexplain the scientific principle involved. 


Aas, The boiling point of water, at a place, varies with the 
Pressure on its surface. It is increased by the increase of pressure 


e 
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and vice versa. In cooking dal or meat, if the b.p. is higher, more 
heat is supplied resulting in the cooking of the articles in shorter 
time. 

Steam does not escape out but remains inside the pressure 
cooker, thus increasing the internal pressure on the surface of boiling 
water. The water will thus boil at a higher temp. and will contain 


more heat. This heat in turn wiil be supplied to the dal and it will 
cook the dal in a shorter time. 


44. Why does not ice readily melt when salt is sprinkled on it ? 


Ans. The temp. of ice is lowered from 0°C to —22°5°C on 
sprinkling salt over it and it does not therefore melt rapidly. 


45. The temp. of 0°C is both tha temp. at which ice melts and 
that at which water freezes. What will happen if wz put a piece of 
ice at temp. 0°C into a vessel containing water also at 0°C ? 


Ans. Ice melts at 0°C only if the required amount of 80 
calories of heat per gm. of ice be imparted to it, while water will 
freeze only if the same amount of heat is taken out from it. There- 
fore, if the vessel is not heated or cooled from outside, the water 
will not freeze and the ice will not melt. It will remain a mixture 
of ice and water at 0°C. 


46. What happens to the temp. of the atmosphere when it is 
raining or snowing ? Does it fall or rise? And why ? 


Aus. When it is raining or snowing, the temp. of the atmos- 
phere rises. When we heat ice, it melts and changes into water. 
When water is heated, it changes into vapour or gaseous form. In the 
reverse process, heat will be evolved. Hence when it is raining, the 
water vapours of clouds condense into water drops, giving out their 
L.H. of vaporisation. When it is snowing, the clouds directly freeze 
to the solid state and give out their L.H. of vaporisation as well as 
L.H. of fusion. Evidently, the temp. of the atmosphere will rise. , 


47. How is the formation of snow-balls possible ? 


Ans. Although the snow falls like cotton flakes, yet. we can 
form solid snowballs by compressing snow in our hand with our 
fingers. Since ice (or snow) contracts on melting, the increase of 
pressure lowers the melting point of ice cr freezing point of water. 
When snow is pressed by fingers, a little of snow melts* and water so 
formed enters inside the snow. This water will be below 0°O and_ it 
will refreeze when the pressure is released i.e. when the snow-ball is 
thrown. Thus we play with solid and hard snowballs when throwing 
them on one another. 


*Ice at a temp. close to 0°C, under a skate melts due to high pressure 
caused by the narrow edge of the skate. So the movement of a skate, in effect, 
is over a film of water. At very low temps. higher frition is experienced since the 
pressure may be insufficient to cause melting of ice and hence skating will be 

impossible. 
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48. Wishing to cool a saucepan of water to room temp. as quickly 
as possible, a housewife puts it on ice. Is this the right way ? 

Ans. No. This is not the right wa 
put underneath, the heavier water 
bottom of the saucepan and hence ther 
the absence of convection currents. 
ductor of heat and therefore cooling 
cool water more quickly, the ice sho 


y. As the cooling agent is 
at the lower temp. stays at the 
e will be no stirring effect in 
Moreover, water is a bad con- 
will take a very long time. To 
uld be put on top. 


49. Why does a cloud oflen appear to rise froma block of ics as 
from boiling water ? 


2 


INote : Similarly, an iceberg is often surrounded by fog.] 
50. Why is our exh 


aled breath more visible in cold than in hoi 
weather ? 


Ans. Ordinarily water vapours, like air, are transparent and 
invisible. They are only seen as white vapours when tiny particles 
of water have been produced from the exhaled breath by its being 
cooled below its dew point. Ona cold day, this cooling is much 
greater than when it is hot weather, and hence the difference. 


S1. One often sees a housewife who t 
@ saucepan in order to make the contents boi 
thing to do ? 


Ans. If the temp. of all the water has already reached 100°C, 
it will not rise until all the water has turned into steam Therefore, 
it is quite useless to turn up the flame. The heat applied should be 


just enough to maintain boiling in the whole saucepan and to com- 
pensate the loss of heat. 


urns up the flame under 
l faster. Is this the right 


52. The station-platform tea is much h 
narily prepared at home. Why? 

Ans. Impurities raise the boiling point of a liquid, that is why 

i . temp. much higher than 100°C. The 

re of water, milk and sugar boiled 


> ter only for the prepara- 
ea, milk and sugar are added later on. 


53. Can water be made to boil without heati it ? te 
boil at 0°C ? Tf yes, how ? 3h ee a 


r Ans. Yes, if it is put under the mout 
air be pumped out. For any liquid, its boiling point is lowered when 
the pressure acting on it is decreased. Water will boil at room temp. 


the pressure of air above it falls to about 15 
U mm. of mercury. If 
the pressure is lowered further, water can boil at 0° also. v 


otter than the one ordi- 


h of an air pump and the 
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[Note : (i) When water boils at a temp. lower than its boiling 
point because the pressure acting on it has been reduced and no 
external heat is being supplied, it becomes colder as it boils as it takes 
from itself the required L H. of vaporisation. 

(ii) Superheating occurs when water is free from dust and the 
walls of the vessel are clean and smooth. In the absence of the 
vaporisation nuclei, boiling does not occur, even though the temp. 
may rise above the boiling point. To obtain boiling, small pieces of 
Prous pot are generally placed in the liquid container. 


(iii) L.H. at the critical temp. and above is zero.] 


54. Why is heat necessary for the change of state ? 


Ans. According to the Kinetic Theory of Matter, the matter is 
composed of molecules which attract one another. In solids, these 
molecules are quite near to each other, in liquids they are not so near 
while in gases they are farther apart. Thus molecular attraction is 
maximum in case of solids and minimum for gases. When we con- 
vert a solid into a liquid or a liquid into a gas, work has to be done 
in separating the molecules against this force of attraction and the 
heat given does this work. 


55. How does L.H. of steam depend upon boiling point of water ? 


Ans. L.H. of steam increases by decrease in boiling point of 
water. For example, 


at 100°C, L=536 cal./gm. 
at 40°C, L=588 cal./gm. 
at 0°C, L=606 cal./gm. for steam. 


[Note : It might be remembered that the boiling point de- 
creases with decrease in pressure. Hence this L.H. depends upon 
pressure also.] 


56. What will happen to the steam if its passage is continued 
in the water which has reached a temp. of 100°C ? 


Ans. Since the water has attained the temp. of steam, it cannot 
condense. steam any more and hence the 100°C steam will start 
bubbling out of water without losing any heat to water. 


57. A cylinder is provided with an air-tight piston and c ntains 
enough water at its bottom at 20°C. What happens wren (i) temp. is 
raised to 25°C without changing the position of the piston, (ii) temp. 
is lowered to 15°C without changing the position of the piston, (iti) the 
piston is raised up when temp. is kept constant, and (iv) the piston is 
pushed inward without changing the temp. ? 


Ans. Since water is present in the cylinder, the space under the 
7 30 
‘piston contains saturated water vapours at 20°C. 
(i) : Because the saturation vapour pressure increases with the 
increase of temp. and enough water is present in the cylinder to keep 
the space saturated, therefore the saturation vapour pressure increases 
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when temp. is raised to 25°C. Some water will change into vapour 
and the level of water will fall slightly. 


(ii) : In this case, since the temp. is lowered to 15°C, therefore 
the saturation vapour pressure decreases. The excess vapours will 
condense and the level of water goes up slightly. 


(iii) : When volume is increased at constant temp., it will re- 
quire more vapours to be formed to saturate the increased volume. 
Since the saturated vapours do not obey Boyle’s Law and saturation 
vapour pressure is independent of the volume of the empty space, 
therefore the pressure remains unchanged, 


[IF there would have been no water in the cylinder and the 
vapours would have been just saturated, then the increase in volume 


will result in decrease of pressure because vapours become un- 
saturated. ] 


(iv) : When volume is decreased at constant temp., extra va- 
pours will condense, the vapours will still remain saturated at the 
same temp. and hence its pressure will remain unchanged. 


58. What determines the dryness and dampness of air—A.H. or 
R.H.? Why? 


Ans. It is R.H. and not A.H. which determines the dryness or 
dampness of air, Hot air in summer is much less moist than cold 
air in winter but we find that at the’ same temp. one cubic metre 
of air contains less moisture in winter and more in summer. Thus 
A.H. does not give a correct judgment about the dryness or damp 
ness of air. 

But air requires much more vapours to saturate it in summer 
than in winter. This gives greater RH. in winter and less in 
summer. Hence the dryness or dampness of air is correctly judged 
by Relative Humidity and not by Absolute Humidity. 


59. In a room at 20°C temp., a R.H. of 40% is taken. At the 
same time, R.H. outside, where temp. is 0°C, is found to be 80%. If 
an outside window in the room be opened, which way will the water 
‘vapour move ? 

Ans. Water-vapour will pass from outside into the room be- 
cause the vapour pressure or density of water vapour is greater at 
R.H. of 40% and a temp. of 20°C than at a temp. of 0°C and R.H. 
of 80%. 


60. Why is dew not formed on a cloudy night ? 
Ans. For dew formation, there should be a continuous fall of 
temp. at night. But cloudy* nights are warmer than the clear ones. 


© reason is that on clear nights, heat of the earth is radiated away 


far into space, while on cloudy nights much of this radiation is re- 


“A thick layer of smoke ser 
effects Of night-frosts to fruit- 


ves the same purpose. That is why the bad 
the orchards with a thick lay 
} 


growing places are sometimes reduced by covering 
er of smoke, 
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flected back to earth by these clouds and hence the temp. of air does 
not fall down. 


61. Why is dew not formed on a windy night ? 


Ans. For dew formation, the saturated water vapours from the 
atmosphere should stay in contact with a cold surface to give some 
time for condensation. These vapours will be pushed away cons- 
tantly if a wind is blowing. Hence the result. 


62. How is cooling caused by evaporation ? 


Ans. (i) : A good amount of heat is required for vaporizing a 
liquid. When a liquid changes into vapours, its L.H. of vapori- 
sation is supplied by the liquid itself, As the liquid loses heat, its 
temp. falls down. 


Ans. (ii) : According to the Kinetic Theory of Matter, only the 
fast moving molecules are able to escape from the liquid surface and 
become vapour (since the atmospheric pressure is opposing this pro- 
cess). Because the liquid is constantly losing the faster (i.e. higher 
K.E. or higher temp.) molecules while the slow moving molecules are 
left behind, hence the temp. of liquid falls on evaporation. 


63. Why is summer heat often oppressive before a shower? Or 
why is it dificult to keep cool in summer when R.H. is above 90% ? 


Ans. Before a shower, since relative hwmidity is very high, the 
air is nearly saturated with water vapours. This will make the rate 
of evaporation of sweat almost nil, Hence no cooling is caused. That 
is why the summer heat becomes oppressive and unbearable before 
a shower. 

[Note : It is also on account of high R.H. that a hot day in 
Calcutta causes far greater discomfort than an equally hot day in Delhi.] 


64. Water placed in the carthen pitcher is colder than the water 
kept in a metal container. Why? 

Ans. There are number of pores in an earthen pitcher. Water 
continuously comes out through them and evaporates—resulting in 
the cooling of water. It is not possible in the case of a metal con- 
- tainer, as there are no pores in it. 

65. Why docs a dog hang out his tongue in hot weather ? 


Ans. The dog cannot lose heat, as we do, by perspiring on 
account of comparatively less pores on its body. The dog hangs out 
his tongue so that evaporation occurs there. We know evaporation 
causes cooling. Hence he does so, in order to cool himself in hot 
weather. ; 

66. During a hot season, why does fanning give a feeling of 
comfort ? 

Ans. During a hot season, perspiration comes out from our 
body. By fanning, it evaporates and causes cooling to the body. 
Also, the fanning puts the air in motion which increases the rate of 
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evaporation and also lowers the temp. of the surrounding air, giving 
us a feeling of comfort. 


67. A fan cools you off in the summer. A fan makes an ice cube 
melt faster. How ? 


Ans. For first part, see Q, 66 above. 


As an ice-cube melts, the air around it becomes cooler. A fan 
blows more warm air past the ice, making it melt faster. 


68. In the winter you blow on your hand to make them wam. 
But when you burn your Jinger you blow on it to cool it off. Why? 


Ans. If you breathe out slowly on your hands, your breath 
will feel hot since your hands are at a lower temp. 


It cools your finger by €vaporating the moisture that comes 
along the breath. 


69. Why do wet feet or clothes give us a bad cold ? 


Ans. The water in clothes in contact with our body will eva- 
porate and it will take heat from our body so that its temp is lowered 


ow 37°C. Thus the body is cooled, resulting in injuring of o ur 
ealth, 


70. Why is it difficult to “catch a chill” by gelling wet with sea- 
water ? 

Ans. It is because the salt retards the evaporation of water and 
so the heat of body is lost slowly. The sea-salt also acts as a 
Stimulant. It therefore prevents the sensation of cold. 


71. Why is the well- 


water warmer in winter and colder in. 
summer ? 


Ans. Itis because the earth is a bad conductor of heat. It 
does not conduct the external heat or cold to its lower layers. Hence 
inside earth, the temp. of water remains constant. If carth were a 
good conductor of heat, springs would be dried up in summer and 
frozen in winter, destroying soon all the vegetation. 


72. Why are loose clothes warmer than the close fitting ones ? 
Ans. Air isa bad conductor of heat. More air is enclosed 


in the loose clothes than in the tight-fittings. So this warm air will 


not conduct heat from our body to outside air and the conclusion 
ollows. 


[Note : (i) Fur-coat is not a source of h 
any warmth of its own to give. 
shedding its own warmth. 


_ (ti) At low Pressures, the ther 
directly with the Pressure. ] 


73. Why do newly iron:d sheet 


eat ; it does not have 
It merely prevents our body from 


mal conductivity of a gas varies 


r sand pyjamas feel colder at bed 
time ? ee Í 

Ans. Smooth things feel colder than rough ones. When things 
are smooth, much more of their surface touches and much less (bad 
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conductor) air is trapped. So the part of the body in contact with 
newly ironed sheets and pyjamas loses more heat by conduction. 
Hence this observation. 

74. Why should we not feel warm without clothing if air is a bad: 
conductor of heat ? 

Ans. We know that air is always in motion. It takes heat. 
from our body by convection and makes us feel cold. If the air 
remained motionless, it would become warmed to the temp. of our 
body. 

715. What do you understand by the term ‘air-conditioning’ ? 


Ans. Air-conditioning is a process by which we keep air under- 
such conditions which afford maximum comfort to the human body. 
For this purpose, we have to control four factors of air : 

(i) Temp. of Air (from 18° to 32°C). Higher temp. causes 
uneasiness and lower temp. causes shivering. 

(ii) Relative Humidity (from 60 to 65%). Higher R.H. will 
decrease the rate of evaporation—resulting in giddiness. On the other 
hand, lower R H. will produce rapid evaporation causing shivering. 
in the body, 


(tit) Convection Currents (velocity of air 7°5 to 22°5 metres/ 
minute). This will replace about 25% of room air by fiesh air. Lower 
velocity will increase the CO, content in the room and higher velocity 
will create a draught which will create further complications in the 
contro] of temp. and R.H. 


(iv) Purity of Air—as nobody can withstand a bad smell for 
long time. 


76. How will you prove that water is a bad conductor of heat ? 


Ans, In a glass test-tube, puta smail piece of ice and thrust 
a twisted wire-gauze in it so that the ice does 
not come to the top when 0°C water is filled 
in the tube (Fig. 2-3). 


To avoid convention currents, heat the 
tube near the top. Ice will remain unmelted 
for a long time even after the water at the top 
continues to boil. 


UNMELTED 


77. How docs snow protect plants 2 Fig. 2-3 


Ans. Snow is an insulator i.e. a bad conductor of heat. It 
traps the heat of the plants and stops the effect of frost {rom reaching, 
the plants. 

78. How does fat help in keeping the body hot ? 

Aas. Fat is a good insulator and so the hot body (on account 
of internal heat produced by food) does not cool down as quickly as. 
a thin body. It is advantageous in winter. Batin summer, a thin 
body keeps itself much cooler than the fat one. 
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[Note : Whales, seals, walruses and penguins have very thick 
layers of fat that keep them warm in Arctic waters. Channel swim- 
mers cover their bodies with thick layers of grease to keep out the 
cold. A camel has all his fat in one place so that his body keeps cool.) 

79. How does your face show whether you are feeling cold or hot ? 

Ans. When you are hot, your face becomes very red. ‘This is 
caused by the blood rushing to your skin to get cool, 

When you are cold, you go blue. 
from your skin to keep itself warm, 


[Note : Whe 
to make heat.] 


Then, the blood rushes away 


n you shiver, some of your muscles move quickly 


_ 80. Why isa sensation of cold p 
plunged into a basin of cold water, even 
same as that of the air in the room ? 


Ans. Water, though a poor conductor o 
tor of heat than air. Therefore it draws off 
our hands more rapidly than air $ 


roduced when the hands are 
if the temp. of the water is the 


f heat, is a better conduc- 
our bodily heat through 
thus it feels colder. 
81. Why is a metal spoon often left in a saucepan by cooks ? 
Ans. It is to slow down 
metal spoon, being a good con 
the water —as a consequence o 


the process of boiling. Because the 
ductor of heat, carries off heat from 
F which the water takes longer to boil. 
82. Why are woollen clothes warmer than 

Ans. Wool is a poor conductor of heat and so is cotton. But 
a woollen cloth contains a much larger layer of dry air in it than a 
cotton one. 


cotton ones ? 


Since air is a poor conductor of heat 
bodily heat to escape nor allows the externa 
over, the rough surface of woollen clothes 
less heat falling on it while cotton ones behave just the opposite. 

[Note : In order to enclose a lot of air : 

(i) in winter, birds sit with their wings spread out to protect 
themselves from the outside cold ; 


(ii) the new quilts are 


» it does not allow the 
I cold to come in. More- 
absorbs more and reflects 


warmer than the old ones H 
(iii) the double windows in a room jn cold count 

(iv) furs are warm, and they are w 
the skin outside and fur inside 


among che fur is greatly impeded.] 


83. Why do Rskimos make double-walled houses of snow? 

Ans. Eskimos live in polar regions where the atmospheric 
temp. is much below OC. The space between the two walls of their 
Ssnow-houses €ntraps air which is a poor conductor of heat. This 
entrapped air does not allow the i 


i é nternal heat of the house to escape 
and thus Eskimos can live comfortably inside. 


ries save fuel 5 
armer stil] when worn with 
because the movement of the air 
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[Note : Workmen around furnaces wear woollen clothing im 
summer because wool is a good insulator and keeps away the heat:] 

84. A jar containing cloudy water is left overnight on the window 
ledge. By morning, cloudiness remains only on the side of the jar 
turned towards the room. At what time of the year is the experiment: 
performed ? 

Ans. When a jar is heated non-uniformly, convection currents: 
are constantly at work in it and at the bottom they act from the cold 
side towards the warm side. These currents transfer the. sediments 
on the bottom towards the warmer side. In winter, the side turned 
towards the room is plainly warmer than that. turned towards the 
window. Therefore, the expsriment was performed in winter. 

85. Why do firemen wear helmets made of brass polished from. 
outside ? 

Ans. Polished surfaces are bad absorbers and good reflectors of 
heat. Consequently, during the fire-extinguishing operation, the poli- 
shed brass helmet will absorb very little of heat and will reflect most: 
of the heat of the fire. 

86. Why are white dresses generally worn in summer time ? 

Ans. Because a white surface isa bad absorber of heat and 
throws off most of the heat of sun’s rays by reflection. Hence they- 
do not convey much heat to our bodies and are therefore more com-. 
fortable to be worn in summer. 


[Note : Similarly we can answer : “Why are the buildings white- 
washed or painted white in hot countries’’?] 


87. Why is a new kettle blackened at the bottom before use ? 
Ans. Because a black surface absorbs the heat very quickly 
. from the fire and the metal of the vessel conducts it to the liquid’ 
in it. 

88. Is it useful to use a black umbrella and why ? 

Ans. No. A black umbrella will absorb all the radiations: 
incident on it from the sun and radiate them towards us. A white 
umbrella will be a poor absorber and hence a poor radiator and will 
protect us better from the sun. 

89. One bulb of two identical thermometers is coated with lamp 
black and the other wiih silver. Compare their readings when exposed (i) 
ona clear night (ii) in the sun. 7 

Aus. Black body is regarded as a good absorber as well as a 
good radiator of heat. 


(i) Oa a clear night, the thermometer coated with lamp black 
will radiate more heat and will read less than the other. 

(ii) In the sun, the thermometer coated with lamp black will 
absorb more heat and wil! read more than the other. 

[Note : Because rough surfaces absorb (as well as radiate) more- 
heat, that is why 
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(®) untrodden snow on the footpath melts sooner than the trod- 
den snow beside it ; 


(ii) the dirty snow melts faster than the clean snow 3 and 


(iii) cylinders of the engine of a motor bicycle are rough and 
covered with fins.] 


90. Is it advisable to use polished tea-pot of silver ? 


Ans. There is no harm init. Since polished surfaces radiate 
lless heat, so the polished tea pot of silver will be able to retain the 
tea at the same temp. for a long time. 


[Note : For the same reason, we use polished calorimeters to 
‘decrease the loss of heat due to radiation but it 1s not good to keep 
stoves highly polished if you want to avoid their bursting. ] 


91. Why does a black spot on a platinum foil appear darker than 
the platinum at low temp. ? 


Ans. At lower temp., the spot appears black because it absorbs 
most (and reflets least) of the light incident upon it. The platinum 
foil appears brighter by contrast as it reflects most of the light falling 
‘upon it. 


92. Why does a black spot on a platinum foil appear brighter 
than the platinum at high temp. ? 


Ans. At higher temp., the black spot appears brighter because 
the black spot, being a better absorber than platinum, is also a better 
radiator than platinum. Hence this result, 


93. Why does a thermos flask keep things hot or cold ? 


Ans. A thermos flask, with its double-walled space, empticd of 
air, avoids loss or gain of heat by conduction and convection (which 
require medium for their transmission). The heat of the contents 
can only escape by radiation, which is considerably reduced by 
silvering the glass walls. In the first instance, the outer silvered wall 
of the inner vessel radiates very little heat which in turn is reflected 


back to the inner vessel by the inner silvered wall of the outer 
vessel. 


94. Which thermos flasks are better, given the same height and 
capacity—ones uf square or of circular cross-section ? 

Ans. That thermos flask will be 
in a given time. Exchange of heat takes 
the surrounding atmosphere through the 
the flask. Since the height and 
end areas will also be the same. But the surface area of the side 
walls is not the same ; the surface area of the sides of the cylindrical 
one is less than that of the square flask (it can also be shown with the 
help of mathematical calculations). Hence the thernaos flask with 
the circular cross-section will lose Jess heat than that with the 
oa. ae section and therefore it (one with circular cross-section) 
z; E . 


better which loses less heat 
place between the flask and 
side walls and the ends of 
the capacity are the same, the 


> p 
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95. Higher the chimney, stronger the draught. How ? 


Ans. When fireis burnt undera chimney, it requires a con- 
tinuous supply of fresh air to get necessary oxygen from it. Less is 
the quantity of available oxygen, less complete is the. combustion and 
hence more wastage of fuel. Greater is the quantity of oxygen 
available, fiercer the heat of the furnace. This needs faster convec- 
tion currents whose velocity depends upon the difference in pressures 
of the column of hot air inside the chimney and that of a column of 
cold and denser air of equal height outside the chimney. Evidently, 
greater is the height of the chimney, greater is this difference in pres- 
sures—resulting in a stronger draught and a better fire. 


[Note : (i) Bowler hats have small holes in the crown. 
(ii) The gallery ofa theatre is hotter than the pit.] 


96. Why is the freezing compartment inside a refrigerator placed 
at the top ? 

Ans. Hot air produces upward convection currents while cold 
air does it downwards. The air coming in contact with the freezing 
compartment becomes colder and heavier and therefore sinks down- 
wards while the hot air from the bottom of the refrigerator moves 
upwards. This process is continued till the entire inner space of the 
refrigerator attains a constant temp. The whole process takes a very 
little time. 

Air is a bad conductor of heat and cold air is heavy. If the 
freezing compartment is placed at the bottom of the refrigerator, hot 
air will stay at the top. By conduction, various layers, being counted 
upward, will take a long ume to cool. 


97. Can you cool off your room by leaving the refrigerator door 
open ? 


Ans. No. A refrigerator only takes heat from its inside and 
releases it into the room. If the refrigerator door is left open, there 
would be no change in temp. 


98. The wall above a hot water radiator is much dirtier than the 
wall below it. Why is it so ? 


Ans. Dust and soot particles coming above the hot radiator 
are pushed upwards with a great velocity by the convection currents 
of air. Therefore, these particles start Sticking to the ceiling. This‘ 
process continues and hence the observation. s 


[Note : (i) Things are “browned” on the top-shelf of an oven. 
(ii) Radiators are usually placed under or near the windows ina 
room so that the air from the window helps to facilitate the distri- 
bution of heat ] 


99. A glass of hot water is to be cooled as much as possible in 
15 minutes. Which is better: to puta piece of ice in and then leave 
the water to cool for 15 minutes, or to leave the water to cool for 15 
minutes and then put the same amount of ice in ? 
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Ans. Rate of cooling of a hot body by radiation is directly 
proportional to the difference of the temps. of the body and its 
surrounding atmosphere. Greater is this difference of temps., faster 
will the cooling take place. Therefore, it is better to allow the water 
to cool first and then put the ice in. 


100. Which would you prefer —(a) to pour milk and then wait, or 
(b) to wait and then pour milk in the hot tea? And why ? 


Aas. It will be better to pour milk and then wait. Here the 
difference of temps. between the hot tea and the atmosphere will be 


reduced and hence will decrease the rate of loss of heat, i.e. fall of 
temp. will be slower. 


101. Why does the temp. of water rise at the bottom of a water 
fall ? 

Ans. Since the water is at a height, it PoOssesses 
It is capable of doing work (W=m.g.h). When this water falls 
down, its P.E. is converted into K.E. which, in turn, on account of 
friction,* changes into heat by the relation (W= J.B). Evidently 


when this heat is absorbed by the water at the bottom of the water- 
fall, its temp. has to rise. 


potential energy. 


102. Is the power of Bhakra hydro-electric station sufficient to 
raise the temp. of the water that passes through its turbines to boiling 
point ? Temp. of water in the river is 20°C, 


Ans. To heat each 1 gm. of water from 20° 
amount of heat required =1x 1x (100 
calorie is equivalent to 42107 er 
work =80 xX 4°2 X 107 ergs. Since it is the potential energy (=m.g.h., 
here m=1 gm.) of the falling water itself which changes into heat, 
therefore, the minimum value of the required height of the falling 
water will be: 


C to 100°C, the 
—20)=80 calories. Since one 
gs of work, so the job requires 


80% 4°29 107 
ham OES cm. =3416 km. 


But the height of falling water at Bhakra 


one-third of a kilometre. Hence the falling w. 


power station is only 
boiling point. 


ater cannot attain its 


103. How man i 
: E y dead-centres are there in on e 
engine ? What is their importance ? ne ae 


Ans. In one 
when the slidin 


t asas its pressure. Since the pressure 
is less than that of the steam entering now on the upper side of the 
ve downward (or inward). 


*A piece of steel becomes steadil 
P c y hotter as a tg ; ART nr 
mechanical work being done against friction changes tee a Sears 
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In the absence of dead-centres, the pressure of steam on both 
sides of the piston will be same and heace the piston will not move at 
all. Thus the engine will fail to do any work. 


104. How does a petrol engine differ from a Diesel engine ? 
Ans. There are two main points of difference : 


(1) Absence of sparking plug ina Diesel engine in which the 
temp. of compressed air at the end of compression stroke rises above 
the ignition temp. of the injected oil. 


(2) Ina petrol engine, there are two valves. But a Dissel engine 
has three valves (one for intake of air, second for intake of oil and 
third for the exhaust). 


105. What is the necessity of using a multi-cylinder (petrol) 
engine ? 

Ans. Out of four strokes, only one is the working stroke. This 
imparts to a vehicle an irregular and jerky motion, unless the fly- 
wheel is made very heavy (which is not possible in cars, aeroplanes, 
etc.) Therefore, for a smooth motion, we should use 4 (or multiple 
of 4) cylinders so that their working strokes take place one after the 
other. 


1, An atmometer measures vaporisation, 


2. A bolometer is an electrical device used for measuring small 
quantities of radiant heat. 


3. A cryophorus is a freezing device (based on cooling caused 
by evaporation). 


4. A cryometer measures lower temps, 
5. A hygrometer measures relative humidity. 


6. A hypsometer means a “height-measurer”? with the help of 
boiling point of water. 


7. A katharometer measures the thermal conductivity of gases. 
8. A potometer measures the emission of vapours. 
9. A pyrometer measures the expansion of bodies by heat, 

10. A radiometer measures heat radiations. 

11. A thermograph is a self-recording thermometer. 

12. A thermoscope detects the presence of radiant heat. 

13. A thermostat is a constant temp. device. 


Part IlI—Light 
Concise Light 


1. Nature of Light: Light is the physical agency which produces 
in us the sensation of sight. Light has its origin in vibrating electrons. 
It is a form of radiant energy like heat and can be transformed into 
different forms of energy such as mechanical, chemical, electrical, etc. 
It is a wave-motion which travels with a speed of 186,000 miles or 
310° cm. per second. It can travel across empty space and is of 
the same nature as infra-red, ultra-violet and radio waves and X-rays, 
differing only in wave-length. 
“Light is nature’s fastest messenger” — Hinstein. 


An optical medium is a substance through which light can pass, 
e.g. air, water and glass. An opaque medium is that through which 
light cannot pass. It is called transparent when light can pass through 


it and translucent or semi-transparent when light is allowed to pass 
only partially through it. 


Frosted bulbs are translucent. Formerly they were frosted on 
the outside ; now they are frosted on the inside since these are more 
easily kept clean. 

2. Rectilinear Propagation: In a homogeneous medium, light 
travels in straight lines. A point source of light produces a sharp 
shadow. An extended source gives rise to a shadow which is in two 
parts—the inner part or umbra receives no light from the source 


while the outer part or penumbra ceceives light from some part of 
the source, 


Phenomena Of eclipses and working of a, pin-hole camera also 
afford good examples in support of rectilinear propagation of light. 
3. Eclipses : These are due to the shadow of one heavenly body 
falling on another. Whenever an opaque object comes in-between 
the source of light and screen, it cuts off a part of light rays falling on 
the screen, so that a shadow is formed. We know that the Earth 
moves around the Sun while the Moon moves around the Earth. 
When these three planets are in such a position that the Earth is in- 
between the Sun and the Moon, a portion of or all the sun rays shall 
be cut off so that either a part or whole of the Moon shall come in 
the shadow of the Earth and cannot be seen by us. This condition is 


said to be lunar eclipse. Since the lighted half of the moon must be 
E the earth, the lunar eclipse occurs only when the moon 
is full. 


k If however the Moon comes in-between the Sun and the Earth, 
it shall form iis shadow on the part of the Earth. People living in 
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this part shall not be able to see a part or whole of the sun. Sucha 
condition is called solar eclipse. 


A total solar eclipse occurs when the Moon is at such a distance 
from the Earth that the apparent size of the Moon is bigger than the 
Sun. When the apparent size of the Moon is smaller than the Sun, 
an annular eclipse occurs. 


4. Photometry. It is a branch of science of measuring light. Light 
is a measurable quantity. Just as electricity is regarded as a flow of 
electric charge, similarly light is regarded as a flow or flux of radiant 
energy. 

(a) Wluminating Power (of a source of light) is the amount 
of light that falls per second normally on unit area of a surface held 
at a unit distance apart from the source. Its units are : 


(i) Candle Power (C.P.) which is the illuminating power ofan 
International Standard Candle made of sperm, weighing 3 1b., 2 inch 
in diameter and burning at the rate of 120 grains (=7°776 gm.) 
per hour. 


(ii) Candela (which is 1/60th of the candle power) is defined as 
1/60th of the radiation by one square centimetre of a surface of a {ull 
radiator (i.e. a black body) at the temp. of 2042°A of solidification of 
platinum. 


The advantage of the candela as a primary standard is that it is 
dependent on temp. only whereas the flame standards are affected 
by external conditions. 


(iii) Lumen which is equal to the quantity of light emitted per 
sec. per unit solid angle by a source of | C.P. [1 C.P.=4z lumens], 


(b) Intensity of Illumination (of a surface receiving light) 
is the amount of light received in a unit time by a unit area of the 
surface. It is maximum when light is incident normally on the sur- 
face. For oblique incidence, it obeys cosine law. Its units are : 


(å) Centimetre-Candle (or Phot) which is the amount of light 
falling per second on | sq. cm. area of the inner surface of a sphere 
(for normal incidence) of | cm. radius on whose centre a standard 
candle burns as a source of 1 C.P. 

(ii) Metre-Candle (or Lux) which is 1 lumen per square metre. 

1 phot= (100)? lux 
(iit) Foot-Candle which is 1 lumen/sq. foot and is equal to 


100 \? > 
(nr) =10°764 lux 


(c) Inverse Square Law states that the intensity (Z) of illumi- 
nation produced by a point source of light is inversely proportional to 
the square of the distance (r) from it and is directly proportional to 
the power (L) of the source used. Thus 

I=L” 
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[Note ; The inverse square law does not apply to the head 
lights of an automobile on account of the reflector.] 


(d) Powers of light sources are compared by photometers. 
whose working depends upon the location of a point where two givem 
sources of light produce same intensity of illumination. Then 

Ly] L;=r? fr? 
5. Laws of Reflection of Light: (i) The reflected ray, the 
normal and the incident ray lie in tbe same plane. 


lii) The angle of incidence is equal to the angle of reflection, 


6. Real and Virtual Images : A real image is one through which 


the reflected/refracted rays actually pass, and hence areal image can 
be obtained on the screen. 


A virtual image is one from which the reflected/refracted 
rays of light appear to diverge and hence cannot be projected on the 
screen. 


7, Properties of Plane Mirrors : (i) When an image is formed 
by reflection on a plane mirror, it is a virtual image. 

(ti) Two plane mirrors arranged at an angle produce a number 
of images of an object placed between them. At 60°, at 90°, at 150°, 
the number of images are five, threeand two respectively. An 
infinite number of images are produced at 0° or when mirrors are 
kept parallel, 

(iii) An image is alwa: 


+o ys as far behind the mirror as the object 
is in front of it. 


(iv) Ifthe mirror is rotated about an axis when a ray of light 


falls on it, the angle turned through by the reflected ray is twice the 
angle turned by the mirror. 


8. Laws of Refraction of light: (i) The incident ray, the refrac- 
ted ray and the normal all lie in the same plane. 


(ii) The ratio of the sine of angle of incidence to the sine ‘of 
angle of r-fraction is a constant for the two given media, called the 
refractive index (4) of the medium in which the refracted ray lies 
Ww. T. t. the medium in which the incident ray lies. This is known as 
Snell’s Law. Also 

_ Velocity of light in the medium of incident ray c 
= velocity of light in the medium of reiracted ray v 


Note: (a) Refractive index has no unit since it is the ratio of 
two similar quantities. 


(0) Refractive index of any substance w. r. t. aic is never less 
than one. 


(c) Optical denseness has nothing to d i i 
Beaty orice ing to do with the physical 


9. Properties of Refractive Index : (i) It d d. he 
medium in which light is travelling. G AR as 


CONCISE LIGHT 165 


(ii) If gH, is the refractive index from air to glass and ju, is 
from glass to air, then, 


1 
oa 
Similarly vka X Hp X ate =1 


(iii) For a given pair of substances, the refractive index depends 
on the colour of light used. 


10. Critical Angle and Total 
Interna] Reflection: When a ray 
of light passes from a medium of 
higher refractive index to one of 
lower refractive index, the ray is 
bent away from the normal. If in 
this case the angle of incidence is 
increased until the angle of refrac- 
tion is 90°, then this angle of 
incidence is called the critical 
angle (denoted by @ in Fig. 3-1). 
At angles of incidence greater than 
the critical angle, total ‘internal 
reflection occurs and no light is 
refracted. 


altg= Or ag X oa=1 


Light can travel:from. one end of a hollow spiral pipe to the 
other end on account of total internal reflection. 


11. Passage of Light through a Prism: When a ray of white 
light is passed through a prism : 
(i) It is split up into colours, i.e. it is dispersed ; 
(ti) Its path is bent, z.e. it is deviated ‘on account of refraction 
at its two surfaces. 


(vii) Ifi and ebe the angles of incidence and emergence res- 
pectively, having 7, and ry as their corresponding angles of refraction 
for a prism of angle A, then the angle of deviation (D) produced is 
given by 

A+D=i+e and A=r Fra 
(iv) For a thin prism (whose angle is very small) of refractive 
index 4, we have 


D=A(u—1) 

(v) By experiment it is found that the amount of deviation 
depends upou the angle of incidence and has a minimum value. For 
an equiangular ‘prism (whose each angle is 60°), this minimum 
deviation occurs when the ray passes symmetrically through the 
prism. 

12. Measurement of Refractive Index : (i) By ‘ray-tracing : For 
s. id block of material, use pins to trace the light. Measure the 
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angles of incidence and refraction in one plane. Then use Snell’s 
Law. 

(ii) By tracing rays through a prism: Measure the angle of 
deviation for various angles of incidence and graphically find the 


angle of minimum deviation. If the angle of minimum deviation is 
D,, and angle of prism is A, then 


AM AEDn N peo Al 
Lae CERTI / 2 

When the prism is used in the position of minimum deviation : 
(a) the fimage is brightest, (b) the object and the image are 
equidistant from the prism and hence magnification is unity, and 
(c) error is least. 

(iii) By the real and apparent depths method: Place a trans- 
parent slab or a vessel of liquid over a mark on a sheet of paper and 
find the apparent depth by the method of no-parallax. Then 

_ _ real depth 
"apparent depth 


(a) When viewed from a rarer medium, the object placed in 
the denser medium appears raised up or nearer. 


(6) When viewed from a denser medium, the object placed in 
the rarer medium appears further away. 


13. Spherical Mirrors : (i) Distances are measured from the pole 
of the morror. 

(ii) “Real—Positive ; Virtual—Negative” is the sign-conven- 
tion used. 

(ii) If u and v be the distances of the object (say of size=O) 
and the image (say of size=J) respectively from the pole of a spheri- 


cal mirror of radius of curvature* r or of focal length f producing 
a magnification m, then 


1 1 1 
2fer ; =F Se a 
and pak f 


OF a f  wu-f 


(iv) Note that f and rare +-ve for a concave mirror and —ve 
for a convex mirror. 


(v) Real images are inverted and virtual images are erect w.r.t. 
the object. 


14. Lenses : 


l Lensisa transparent medium bounded by two sur- 
aces, 


out of which at least one is curved or spherical. 
ee) A AL 


° 1 
ture = — rr 
Curvature Radius of Curvature 
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A lens is so-called because of its similarity in shape to a lentil 
seed. 

(a) These are classified according to their action on parallel 
beam of light. Those which cause it to converge are called con- 
verging or convex lenses and are thicker at the middle than at the 
edges. Those causing it to diverge are called diverging or concave 
lenses and are thicker at the edges than in the middle. 


(b) Distances are measured from the optical centre of the lens 
and any ray passing through the optical centre continues its straight 
path even after refraction and emergence. 


1 1 1 
(c) Here also, fo wat a 


and M ae NN =a 
(d) Note that f is +-ve for a convex lens and —ve for a concave 
lens. 


(e) If R, and R, be the radii of curvature of the two spherical 
surfaces of a lens having a medium of refractive index p, then 


Tuo (He) 


(£) By displacement method, the G P 
focal length of a convex lens or of a oa eae 
combination behaving like a convex ! 
lens is given by P ọ 

2_ q2 


baa ey 


where l is the distance between the 
object and image needles and d is the 
displacement of the lens for its two Fig. 3-2 

positions L, and L, (Fig. 3-2). 

This method can be used for finding out the focal length of a 
convex lens fitted somewhere across a cardboard tube which is closed 
at each end with picces of flat glass. Later on, its position can also 
be calculated. 

(g) For a lens, its power is given by 

1 
Imetres 
A convev lens has +ve power and a concave lens —ve power. 


(h) The effective focal length (F) of two or more thin lenses 
(of focal lengths fi, fe, ...) in contact is given by 
1 1 1 


Se a 


ald 
EU FEE a aes 


Patoptres= 
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15. Optical Instruments : 


Insirument Objective Lye-piece | Tube- M.P. 
length (L) 
E One convex lens of short a 1+ D 
Microscope focus (f) . f 
Compound `| Short focus Short focus LL D 
D ; 1+ 
Microscope (fo) convex | ( f.) convex if if 
lens lens 
Astronomical | Long focus | Short focus wi, 
Telescope (F) convex | (f) convex Pf f 
lens lens 
Terrestrial A 55 3 ” : 
Telescope i s S > F+f+4f » 
Galilean a S Short focus 
Telescope a if (f) concave] F-f 33 
lens 
Newton’s Long focus | Short focus 
Reflecting (F) concave | ( f) convex <F 99 
Telescope mirror lens 


Here D is the distance of distinct vision and is 25 cm. for a 
normal eye and f’ is the focal length of an additional convey lens 
placed between the objective and the eye-piece of a Terrestrial Teles- 
cope so that the final image is erect. 


16. Defects of Vision: (a) Myopia or Short-sightedness : A 
myopic eye cannot see clearly the objects lying beyond a certain dis- 
tance t.e, its far-point is not at infinity as it should be for a normal 
eye. This is due to the eye-ball being too elongated or the convex, 
eye-lens being too thick: : 


To a myopic eye (i) human faces seem younger (as much as 
20 years) and more attractive, (ii) at night, all bright objects assume 
70rmous proportions and transform the world around into a chaotic 
Jumble of shapeless bright patches and dark and misty silhoueties. 

It is removed by using a concave lens whose focal length is 
€qual to the distance of the far-point of the defective eye. 


(b) Hypermetropia or Long-sightedness : In this case one 
cannot see the nearer objects clearly, but if the accommodation is 
normal, there is no difficulty about distant objects: It is due to either 
ae Neon is short or the convex eye-lens is more divergent (being 

hin). 


It is removed by using a convex lens of required focal length. 
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(c) Presbyopia (or Loss of Accommodating Power due to old 
age) : Such an eye can see neither very near objects nor very distant 
ones. 

It is removed by using bifocal lenses, the lower halves of which 
are used for reading and the upper halves for distant vision. 


(d) Astigmatism : Such an eye cannot form a point-image. 
It is removed by using cylindrical lens. ’ 


Note : (i) It might be due to a twist in the optic nerves that 
the image visualized by the brain is erect though it is inverted on 
the retina. 


(ii) Besides man, only the monkey (among the mammals) 
possesses a yellow spot on the retina. 


17. Spectrum: Any ray after refraction suffers some amount of 
‘deviation, which varies with the refractive index of the light with 
respect to prism. Since white light consists of seven different colours 
and so each will have different value of ref. index w.r.t. prism and 
‘consequently each colour will suffer different deviation. Thus a 
white light after refraction through a prism splits up into different 
colours, i.e. voilet, indigo, blue; green, yellow, orange and red 
(VIBGYOR). Newton observed that violet was deviated the most 
and red the least. This kind of decomposition or breaking-up of white 


light by a prism is called dispersion of light and the coloured band 
80 formed is called the spectrum. 


Dispersion is shown by a compound light which consists of 
waves of different lengths. A monochromatic light contains 
only one wavelength and will not produce any spectrum. Ordinarily 
sodium light is taken as monochromatic, but really speaking sodium 
light also consists of two wayelengths, (5890 and 5896 A.U.) with 
a small difference. Cadmium red line is truly monochromatic. 


A pure spectrum is that. where there. is no overlapping of 
colours and the various component colours occupy distinct and sepa- 
rate positions, It is formed by using a spectrometer. 


18. Chromatic Aberration in a Jens is just on account of dispersion 
and a convex lens is to be combined with a concave lens (of proper 
focal length and dispersive power) to form an achromatic lens. 


19. Kinds of Spectra : (a) Emission Spectra of substances which 
are heated to incandescence.. These are of three types—continuous, 
line :and band spectra. 


(b) Absorption Spectra: a continuous spectrum, with certain 
characteristic lines absorbed from it by any substance or filter placed 
between the source and spectroscope-slit. These are of two types— 
line and band spectra. 


Study of spectra has helped (i) in determining the nature of 
heavenly bodies, (ii) in gaining insight into the structure of matter, 
(iii) in analysing chemicals, (iv) in detecting impurities in food 
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stuffs, chemicals, etc., (v) in detecting new elements (refer to the dis- 
covery of helium) and so on. 


20. Electromagnetic Spectrum : It is a complete spectrum from: 
secondary cosmic rays (wavelength=10-? to 10 3 A.U.*) to Radio 
waves (wavelength=0-0004 cm. to 40 km.). 


Smal] amounts of ultra violet rays are good ; they help the skin 
to make vitamin D and this helps to keep you healthy. 


It is mainly the ultra-violet rays in the sunlight that make 
plants grow The chlorophyll uses the ultra-violet rays to turn the 


carbon dioxide from the air, and water from the soil, into the food 
that plants need to make them grow. 


21. According to De Broglie, a particle moving with a momentum pP 
displays properties corresponding to a wave of wave-length 

A=h/p 
where Plank’s constant h=6 625 x 10-34 


joule. sec. 
22. Colour of Bodies : 


It is determined by the following factors : 


(1) Amount of light (i) absorbed, (ii) reflected and (iii) trans- 
mitted ; 
(2) Nature of incident light ; and 
(3) Sensation produced 
received by the eye. 
23. Types of Colours : (a) Pure 
colours of a solar spectrum, 
word “vibgyor”. 
(b) Primary Colours : Those colours which are the basis of all 
other colours. These are red, green and blue. 
(c) Complimentary Colours : 
mentary to each other, which 


in the eye by the mixture of colours 


or Spectrum Colours: Seven 
to be remembered with the help of the 


Two colours are said to be compli- 


on being seen together give the 
Sensation of white light. Ş E E 
(a) Secondary Colours : These are all other Colours, except the 
three primary colours, 
24. Laser : 


“Light Amplification by Stimu- 
} an instrument to make a beam 
of light so bright that it can shine on planets. In it isa ruby crystal 
Surrounded by a polished metal surfa 


By means of a 
to the astronauts landing on the 


—_— 
*X-ray wavelengths are measured j 


n X+Units (or au). This unit is equal 
to approximately 10-11 cm, 1 4.U.=10-8 cm ae X 
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CHAPTER XXII 
RECTILINEAR PROPAGATION AND PHOTOMETRY 


I. Complete the fellowing sentences with suitable 
words or phrases : 
(1) Light has its origin in...... on 


(2) Light travels in ...... , and is a form Of......... It travels 
with a velocity of ...... metres/sec. 

(3) Moon is a ...... body while Sun isa ...... body. 

(4) A transparent body is that through which ....... and an 
opaque body is that through which ...... 

(5) A translucent body is that through which ...... 


(6) A shadow cast by heavenly bodies is called... 
(7) The part of the shadow called ...... is totally dark while the 


part called ...... is only partially dark. 
(8) Magnification in the case of a pin-hole camera is 

tf 6 gS 

FO rt 


(9) Spot of light on the ground produced’ by the sun shining 
through a tiny square hole is ...... 


(10) The amount of light that falls per second per unit area 
held perpendicularly to the rays is called ...... 


(11) The amount of light that falls per second per unit area 
held at a unit distance perpendiculary to the rays is called ...... 
(12) Intensity of Tire io ee aa nga ROWerS 


(13) Lunar eclipse is caused when ...... comes between ...... and 
... while solar eclipse is formed when ...... comes between 
and the earth. 


(14) A lunar eclipse can never be ...... 
(15) There are at least ...... solar eclipses every year. 


(16) The maximum possible number of solar eclipses is....... im 
a year. 
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(17) The greatest possible time of a total solar eclipse at any one 
place is...... 


QE ite ay /sq. metre. 


(19) The quantity of light emitted per second per unit solid 
-angle by a source of one candle power is called 


(20) A standard candle is made of 


Sarees weighing ...... and...... 
in diameter and burning at the rate of 


(21) Light is the ....., cause of vision. 
(22) Lightyear is a unit of 


I. Select as directed below and find the completions 
from the clues provided 


[the same as on earth 3 much brighter, ; rather dull S 

absolutely dark] 

cet Screen for comparing 

[opaque, grease spot, wet] 
4) A sharp and fine image will be roduced. by a...... hole o 

P 8 P 
ithe pin-hole camera. [wide, narrow, double] 
per second is the total quantity of light 


(3) Bunsen’s Photometer uses a/an 
the powers of illumination. 


(O oan lumens 


: emitted 
'by a standard candle. 


” ltr, Sx, 6r, 87] 
(t) An object 6 cm. high is placed at a distance of 18 cm. from 
-aipin-hole. Its image is formed at 12 cm. from the pin-hole. 
Therefore the size of the image is ...... cm. (18, 12, 6, 4, 2] 


(7) An instrument used for measuring the illuminating power 
-of a scurce is called a .,.... [galvanometer, photometer, voltmeter] 
(8) A pin-hole camera produces an inverted _... 
(picture, image] 
(9) The fine hole of a pin-hole camera should be ...... 
(circular, triangular, rectangular, of any shape] 
(10) A pin-holé camera needs ...... [focussing, no focussing] 


(11) The shadow cone becomes.. 


-as the earth moves away 
‘from the sun. 


[larger, shorter] 
(12) An eclipse of the sun can...at full moon. 


_ [occur, never occur] 
(13) A total eclipse of the moon lasts...at any given place than 
total eclipse of the sun. 
(14) Light Tays...under the gravitational fields of stars, 
[bend, do not bend] 
-the property of inertia and therefore pf - fa 


[possesses, ~ 


(15) Light 


sess] 


[longer, shorter] ' 
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(16) Light rays and a shower of rain drops differ from each 
other in having the property of...... } 
[rest mass, inertia, momentum, gravitational pull] 


CHAPTER XXIII 
REFLECTION OF LIGHT 


I. Complete the following sentences with suitable words: 
or phrases : 


(1) A rough plane surface reflects the incident light in...direc- 
tions but a polished plane surface reflects the same in...... direction. 


(2) For a plane mirror : 
(a) Size of the...is the same as that of the... 


(b) Distance of the...is equal to the distance of the...from, 
the mirror. 


(c) The image is...and... 


(3) Reflection means sending back in the...medium by a 
surface. 


(4) The focal length of a plane mirror is... 


_ (5) The reflected ray turns through ..the angle through which, 
«is rotated. This forms the principle of (a)...(b) .. 


(6) ha no. of images are formed when an object iş placed 
between two parallel plane mirrors. 


(7) In .., multiple images are formed by inclined mirrors. 


(8) In..., successive reflection of light takes place from two 
plane mirrors. 


(9) When two plane mirrors are inclined at an angle 6, the 
no. of images formed are... 


n=—— —1, when... 


when... 


(10) The separation between two objects or between the object 
and its image, when the eye is moved sideways, is called... 


(11) The Rule of Parallax is that the...object moves in the 
same direction as the eye of the observer. 


(12) For seeing the complete image ofa man, a plane mirror- 
not smaller than...the size of the man is required, : 
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(13) ...and...image is formed by...and is so used in vehicles 
near the driver. 


(14) The angle subtended at the centre of curvature by two 


extreme radii on the principal section of a spherical mirror is called 
its... 


(15) The ratio of u 
length is known as its... 


(16) The ra: 
convex mirror. 


he diameter of a spherical mirror to its focal 
ys of light are...by a concave mirror and are...by a 


(17) Focal length of a spherical mirror is 


ood of its radius of 
curvature, 
NES) e. and...... image is produced by a concave mirror, 
if the object it placed between its...... and...... and is so used in the 
search-light. 


(19) Reversed writing appears correct when viewed through a 
plane mirror because of ..due to reflection. 


(20) As the object moves from infinity to the centre of curva- 
ture of a concave mirror, the image moves from...to... 


(21) After reflection from a spherical mirror, 
the principal axis passes through or appears to diverge from its ., 


(22) A spherical mirror produces an image 3 times the size of 
the object. It is a ..mirror. 


aray parallel to 


(23) A spherical mirror produces a virtual image of half the 
size of the object. It is a...mirror. 


(24) A ray of light passing through 


vss-0f a concave mirror is 
reflected back along the same path. 


(25) For any spherical surface, its 
(curvature) x (radius of curvature) =... 


II. Select the correct answ 


ers from the clues provided 
against each statement : 


(1) The focal length of a concave mirror is... 


[+-ve, —ve, zero] 
(2) ...— mirror is used as a shaving glass. 


[Piane, Concave, Convex ] 
formed when the two plane mirrors are in- 
[4, 5, 6] 


CIHR images are 
clined at an angle of 72°, 


(4) The radius of curvature of a plane mirror is... 


[infinite, zero] 


(5) Amount of light reflected by water......as the angle of 
incidence is increased. 


[increases, decreases] 
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(6) Distances are taken as...for real images and objects while 
those for virtual images and objects are taken as... [+ve, —ve] 
(7) The centre of a curved mirror is called its... [pole, focus] 
(8) AB isa ray of light incident on a plane mirror PQ at B 
while the angle of incidence is 30°. BC is the reflected ray and will 
be back retracing the same path, if another mirror is placed at C, 
making with PQ an angle equal to... [30°, 60°, 90°, 120°] 
(9) Mr. Parvez stands at a distance of 8 metres from a concave 

mirror of focal length 4 metres ; his image will be... 
[magnified, of his own size, diminished] 
(10) Maximum candle power of a tungsten lamp is horizontal. 

This can he remedied by using a...reflector. 

[plane, concave, convex] 


(11) The image formed by a mirror is virtual and diminished 3 
therefore... 


(a) the mirror must be concave and the object is beyond 
its C. 


(6) the mirror must be convex. 


(c) the mirror must be concave and the object is between 
F and the mirror. 


(d) the mirror must be plane and the object must be far 
away from it. 


(12) An object is placed at 30 cm. from a concave mirror and 
its real image is formed at 30 cm. ; the focal length of the concave 


mirror is...cm. [60, 30, 15] 
(13) Writing which has been blotted by a blotting paper can 
be read with the help of a...mirror. [plane, concave, convex] 
(1!) Your image appears...on one side of a smooth silver spoon 
than it does on the other side. [same, different] 
(15) It is...to promote the diffusion of light by reflection from 
a slightly roughened surface. [not possible, possible] 


Ill. Find eut which statements out of the following are 
correct : 


(1) ZD=(180°—2/%) where D is the deviation suffered by a 
ray incident at an angle z on a plane mirror. 


(2) Focal length is the distance between the focus and the pole 
of the mirror. 


(3) For a diffused reflection, the laws of reflection are obeyed 
for each individual ray. í 


(4) Frosted glass is used to promote diffusion. 


(5) The distance between the centre of curvature and the pole 
of the mirror is called the radius of curvature. 
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(6) In the case of a convex mirror of 10 
image is still within the focus when th 
10 cm. from its pole. 


cm. focal length, the 
e object is kept at a distance of 


(7) Image of an object formed. by a concave mirror is brighter 
than that formed by a plane mirror. 


CHAPTER XXIV 


REFRACTION OF LIGHT THROUGH 
PLANE SURFACES AND PRISMS 


I. Complete the following sentences with suitable 
words or phrases : 


(1) When a ray of light enters a denser medium from a rarer 
nedium, it bends...the normal. 


(2) When a ray of light enters a rarer medium from a denser 
Medium, it bends...the normal. 
(3) Refractive index (u) is given by : 
jl sin... velocity of light in... _ sin -- depth 
l (Te velocity of light in... sin...” ...depth 
E (4) The critical angle is the angle of...for which the corres- 
Pon ding angle of...is equal to 90°. It is only possible when a ray 
Of I} Sight is passing from...to...medium. 
(5) A flying aeroplane seems to be...than its actual Position. 


(6) For refraction through a prism, 
o; at...the base and i-+-e=...+... 
refi 


he the ray of light emerges. 


(7) When a ray of light is symmetrically passing through a 
prism, the prism is said to be in... 


(8) Snell’s Law is the name given to... 


(9) No deviation is suffered by a ray while 


Dp l passing through a 
glass slab but only a... 


(10) Twinkling of stars results from . in earth’s atmosphere. 


(11) The emergent ray in a prism is absent when its angle is 
greater than... 


(12) If the light from an electric filament be reflected from a 
slab of red glass, two images are scen, one. and other Of ois 
II. Select suitable word or words to 


2 compiete the fol- 
lowing sentences from the clues provided against each: 


(1) A monochromatic light wave is entering from one edie 
into another. Of the following properties of it, the one that remains 
unchanged is s 

(a) wavelength ; (b) amplitude ; (c) velocity ; (4) frequency, 
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(2) Transparency of a medium depends upon its... 

[nature, thickness, mol. structure] 
(3) ...is a constant of refraction between any two media. 
[Optical centre, Ref. index, Critical angle] 
(4) ate X -..X cha=l. [eos bhe atte] 


(5) We have sin i= = then /7 is called... 


[angle of emergence, critica] angle, angle of deviation] 


(6) Critical angle for total internal reflection will be smallest 
for light travelling from... 


[water to air ; water to glass ; glass to water 3 glass to air] 


(7) Critical angle of light passing from glass to air is mini- 
mum for 
(a) red (6) green (c) yellow (d) vioiet 


(8) A swimmer is swimming inside a tank of water. He looks 
up at the sky in broad-day light through the calm surface o 
He can see 

(a) nothing but darkness outside the tank. 

(b) the entire top surface of the water illuminated. 

(c) a small illuminated patch directly above his head whose 
angular size is independent of the depth of the 
swimmer. 

(2) a small illuminated patch directly above his hand 


whose angular size depends upon the depth of the 
swimmer. 


f water, 


(9) Deviation produced by a thin prism is given by D=(u—1) 
li, r, A, e] 


(10) The angle of minimum deviation of a prism...upo 


n the 
colour of the light used. 


[depends, does not depend] 
(11) A ray of light Passing obliquely into a medium in which 
its speed is reduced is bent...the normal. [towards, away from] 
(12) Increasing the angle of incidence...the index of refraction. 
[increases, decreases, does not affect] 
(13) In the minimum deviation Position of a prism, the angle 
of incidence is...to the angle of emergence. [equal, not equal] 
(14) In the minimum deviation position of a prism, the angle of 
refraction at one surface is...to the angle of refraction at the other 
surface. [equal, not equal] 
(15) The angle of minimum deviation of a ray for a glass prism 
is least for the light of...colour. 


(a) red (b) green (c) blue (d) violet 
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(6) In the case of a convex mirror of 10 cm. focal length, the 


image is still within the focus when the object is kept at a distance of 
10 cm. from its pole. 


(7) Image of an object formed. by a concave mirror is brighter 
than that formed by a plane mirror. 


CHAPTER XXIV 


REFRACTION OF LIGHT THROUGH 
PLANE SURFACES AND PRISMS 


I, Complete the following sentences with suitable 
words or phrases : 


É (1) When a ray of light enters a denser medium from a rarer 
medium, it bends...the normal. 


È (2) When a ray of light enters a rarer medium from a denser 
j “dium, it bends...the normal. 


| (3) Refractive index (p) is given by : 


| sin... velocity of light in... sin.. depth 
beau eins ne velocity of light in... sin... «depth 
¥ (4) The critical angle is the angle of...for which the corres- 
Pe ding angle of...is equal to 90°, 


) It is only possible when a ray 
ight is passing from...to...medium, 


(5) A flying aeroplane seems to be...than its actual position. 


Ai (6) For refraction through a prism, the ray of light emerges. 
/at...the base and i-++-e=...+... 


Ae 


(7) When a ray of light is symmetrically passing through a 
prism, the prism is said to be in... 
. (8) Snell’s Law is the name given to... 

(9) No deviation is suffered by a ray while passing through a 
glass slab but only a.. 


(10) Twinkling of stars results from ..in earth’s atmosphere. 
(11) The emergent ray in a prism is absent when its angle is. 
greater than... j 


(12) If the li 


g ght from anelectric fila 
slab of red glass, 


two images are seen, one. 
II. Select suitable word or 
lowing sentences from the clues 


ment be reflected from a 

and other of.... colour, 

words to compiete the fol- 
Provided against each: 

(1) A monochromatic light wave is entering f i 

‘ ; S Irom one medium 

into another, Of the following properties of it, the one that remains 

unchanged is 

(a) wavelength ; (b) amplitude 3 (e) velocity ; (d) frequency. 
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2) Transparency of a medium depends upon itsas 
P y p p 
[nature, thickness, mol. structure] 
(3) ...is a constant of refraction between any two media. 
[Optical centre, Ref. index, Critical angle] 
(4) ape... X ca =1. [eos oe atto] 


(5) We have sin i=- then Z iis called... 


[angle of emergence, critical angle, angle of deviation] 


(6) Critical angle for total internal reflection will be smallest 
for light travelling from... 


[water to air ; water to glass ; glass to water ; glass to air] 
(7) Critical angle of light passing from glass to air is mini- 
mum for 
(a) red (b) green (c) yellow (d) vioiet 


(8) A swimmer is swimming inside a tank of water. He looks 
up at the sky in broad-day light through the calm surface o. 
He can see 


(a) nothing but darkness outside the tank. 

(b) the entire top surface of the water illuminated. 

(c) a small illuminated patch directly above his head whose 
angular size is independent of the depth of the 
swimmer. 

(d) a small illuminated patch directly above his hand 


whose angular size depends upon the depth of the 
swimmer. 


f water, 


(9) Deviation produced by a thin prism is given by D=(u—1) 
[i, r, A, e] 

(10) The angle of minimum deviation of a prism...upon the 
colour of the light used. [depends, does not depend] 


(11) A ray of light passing obliquely into a medium in which 
its speed is reduced is bent...the normal. [towards, away from] 


(12) Increasing the angle of incidence...the index of refraction. 
[increases, decreases, does not affect] 

» (13) In the minimum deviation Position of a prism, the angle 
of incidence is...to the angle of emergence. (equal, not equal] 
(14) In the minimum deviation position of a prism, the angle of 
refraction at one surface is...to the angle of refraction at the other 
surface. lequal, not equal] 
(15) The angle of minimum deviation of a ray for a glass prism 

is least for the light of...colour. : 


(a) red (b) green (c) blue (@) violet 
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(16) In the absence of the atmosphere, the duration of the day 
will... [increase, decrease] 


(17) Looming occurs in... lpolar regions, deserts] 
(18) A mirage is observed because 

(a) of reflection of light from hot sand. 

(6) the refractive index of the atmosphere decreases with 


height. 
(c) the refractive index of the atmosphere increases with 
height. : 
(19) A fish...see the sun rising or setting. [can, cannot] 
(20) We see heavenly bodies in their true position when they 
are...the horizon. [away from, near] 


(21) Comparing the rays of sun falling on the earth at noon, 
in the morning and in the evening, we can say that 


(a) the evening rays will bend more away for earth than 
the noon rays. 

(6) the evening rays bend more towards the earth than the 
noon rays. 

(c) the morning rays will bend more towards the earth 
than the evening rays. 

(d) the morning and, evening rays bend away from the 
earth equally. 


(22) Water is transparent to visible light. Still it is not possible 
to see objects at a distance in fog which consists of fine drops of water 
suspended in air because 


(a) fine drops of water are opaque to visible light. 

(b) most of the light is scattered and hence this apparent 
opacity. 

(c) fog affects our vision. 


(d) the light rays suffer total internal reflection and hence 
can not reach the eye. 


II. Suggest suitable scientific terms for the following : 

(1) In a homogeneous medium, light travels in st. lines. 
J (2) When a ray of light passes from one homogeneous medium 
into another, it is generally propagated in a direction which is not 
the same as that in which it originally travelled. 

(3) Newton regarded abeam of light as a train or swarm of 
tiny particles or corpuscles (named photons) that are emitted from 
light-sources and fly at a very high speed through space. 


(4) According to Newton, some of the emitted photons are 
repelled (to account for reflection) by the medium and some attracted 
(ot account for refraction) by the transparent medium. 
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(5) A phenomenon in which no refraction takes place and full 
light is restricted to one medium only. 


(6) A prism which can make a ray of light suffer a deviation 
of 180° so that the inverted object appears erect. 

(7) An optical illusion which causes a tarred road in summer 
to appear like a pool of water. 

(8) An optical illusion in which the inverted images are seen 
hanging up in the air in the polar regions. 

(9) A portion of a transparent medium bounded by two plane 
refracting surfaces meeting at an angle. 


(10) A section cut out by a plane at right angles to the edge of 
a prism. 


CHAPTER XXV 
REFRACTION OF LIGHT THROUGH LENSES 


I. Complete the following sentences with suitable 

words or phrases : 

(1) A lens is so called because of its similarity in shape to... 

EDA is a point on the principal axis of a lens, on passing 
through which a ray of light suffers no deviation. 

(3) ...is a point where a parallel beam of light, after refraction 
through a lens, converges to or appears to diverge from. 

(4) The focal point for a combination of a concave lens and a 
a convex lens when placed in contact is .. 

(5) ...are two conjugate points on the principal axis of a lens 
for which magnification is +1. 

(6) If x, xa be the distances of the conjugate points measured 
from the principal focus of a lens, then its focal length is given by 
the formula (known as Newton’s formula)...... 


(7) Magnification produced by lenses is given by : 
Ps I tee f 


OTe ero ene phe 
(8) Focal length F. and the power P of the combination of 
several thin lenses in contact are given by the relations : 


(9) The power P ofa fens is expressed. in.... and pans 


when.. is expressed in metres. 
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(10) A lens is concave when its focal length is...and is convex 
when it is... 


(11) A convex lens generally forms...images while a concave 
lens always forms...images. 


(12) A...lens magnifies the printed words- 
(13) The diminished image formed by a convex lens cannot 
perese 


II. Select suitable word or words to complete the 
following sentences from the clues provided against each : 


(1) An object is placed between F and 2F in front of a concave 
i i d between...... sA 
ease is forme [F and the lens, F and ZF, 2F and infinity] 


(2) An object is placed at 2/ of a convex lens ;......image 


is formed [equal, diminished, magnificu], 
(3) A... image is formed when an object is placed between 
F and the optical centre of a convex lens. [virtual, real, double], 


(4) An object is placed between F and 2F in front of a convex 
lensis image is formed. 
[real, virtual, magnified, same size, diminished], 
P—d? 4 " 
(5) Formula f= g; 18 used in....method for finding the 


focal length of a convex lens. 
[displacement, combination, planefmirror] 
(6) Conjugate foci exist for...... 
[concave/convex mirror, concave/convex lens} 


(7) Given a point source of light, 


vee can produce a parallel 
beam of light. 


(a) concave/convex mirror, (b) concave/convex lens 
(c) two plane mirrors at 90° to each other 


(8) In the...... aberration of lenses, blurred and less sharply 
defined images are formed. (spherical, chromatic} 


(9) The formation of coloured images by a lens is due to 
aberration. 


[spherical, chromatic} 
(10) Spherical aberration can be removed by using... 
EEn y s 
[central spot of the lens, cylindrical lens, plano-convex lens, 
combination of concave and convex lenses} 


(11) An object is taken near a lens and is viewed from the 
other side. If the image is found to.be magnified, the lens is...... If 
the image is found to be diminished, the lens is 


A ) o] inished, the lens is...... If the image 
is of the same size as is the object, it is 


[concave, convex, plane glass]} 


bee 
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(12) If the focal length ofa concave lens is 50 cm., its power 
is...dioptres. ED] 

(13) Two thin lenses of focal lengths+20 cm. and —40 cm. 
are in contact. The focal length of the combination is...cm. 


[0, —20, +20, +40] 
(14) A double convex air bubble in water will behave as a... 
(a) convergent lens. (b) divergent lens. 
(c) plane slab. (d) concave mirror. 


Ill. Suggest suitable scientific terms for the following 
statements : 


(1) Phenomenon in which the left hand side of the object ap- 
pears as the right hand side of the image. 


(2) The ratio of the size of a given spherical mirror to the 
‘diameter of the sphere whose portion is this mirror. 


(3) Portion of a transparrent medium bounded by two surfaces, 
‘out of which at least one is a curved surface. 


(4) St. line passing through the centres of curvature of the two 
spherical faces of a lens. 

(5) A pair of points such that when the object is placed at one 
point, its image is formed on the other point. 

(6) Apparent shift between two objects when eye is moved to 
left or right. 


(7) Property of alens which determines the magnitude of its 
ability to deviate a ray from its original path after refraction. 


CHAPTER XXVI 


OPTICAL INSTRUMENTS 


I. Complete the following statements with suitable 
words or phrases : 


(1) A telescope is used to see...... objects while a microscope 
is used to see...objects. 


(2) The focal length of the objective lens of a compound mi- 
croscope is...and that of its eye-piece is... 


. (3) The focal length of the objective lens of a telescope is...... 

while that of its eye-piece is... 

(4) A projection lantern is used for projecting a real magnified 
image of whereas the episcope does the same for...objects. 

5 terrestrial telescope forms an ..... image while...... image 

A ial telescope fe image whil imag 

is formed by an astronomical telescope. 

(6) The...microscope is merely a convex lens. 
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(7) The magnifying power of a microscope 
_ angle subtended at the eye by the... 
angle subtended at the eye by the..." 


(8) The camera lens should be moved...the screen for taking 
the photograph of a large size object. 


(9) Ratio of the diameter of the diaphragm to the focal length 
of a lens is called its... 


(10) ...is used for seeing three-dimensional pictures. 


(11) The least distance of the distinct vision for a normal 
eye is — 


(12) The distance between the eye-piece and „the objective lens 
‚of an astronomical telescope is equal to the...of their focal lengths. 

(13) The distance between the eye-piece and the objective lens 
of a Galilean telescope is equal to the...of their focal lengths. 


(14) In a compound microscope, the distance of the object 
from the objective lens is...... than the focal length of the objective 
lens. 


Il. Select for the following statements the completions 
from the clues provided against each : 
(1) Pupil ...when bright light is suddenly shone on the face. 
(expands, contracts] 
(2) Pupil...... when we enter a dark room. [expands, contracts] 
(3) The power of the eye which enables it to focus objects at 
varying distances away is called... [myopia, retina, accommodation] 
(4) Focal length of the eye-lens is controlled by... 
[ciliary muscles, iris, retina, vitreous humour] 
(5) When image falls ahead of retina, a person is said to have 
4 [myopia, hypermetropia, presbyopia] 
(6) Presbyopia is due to...while astigmatism is due to... 
(a) loss of accommodating power of the eye, 
(b) the curvature in the cornea of the eye. 


i (7) Longsightedness is cured by using...... lenses and short- 
sightedness is cured by using...... lenses and astigmatism is cured by 
using...lenses. 


[concave, convex, cylindrical] 
(8) In shortsightedness, one cannot see clearly at 


s i . distances 
and in longsightedness, one cannot see clearly at 


. «+. distances. 
[short, long] 
(9) The eye differs from a camera, because 


(a) the focal length of the eye-lens can be changed. 
(6) anterior and posterior chambers are filled with fluids. 
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(c) the distance between the retina and the eye-lens is fixed. 
(d) the focal length of the camera lens is fixed. 


(10). The eye has the following advantages over the camera : 
(a) it sees objects in their true colour ; 
(6) it has binocular vision ; 
(c) it sees objects in perspective ; 
(d) it sees all details more clearly ; 
(e) it is not biased. 


(11) The camera has the following advantages over the eye : 
(a) it has no prejudice ; 
(b) ic shows objects in their true position ; 
(c) it does not suffer from fatigue ; 
(a) it is self-focussing ; 
(e) it gives a composite figure. 


(12) Condenser of a magic lantern is used to 
(a) make the object appear larger ; 
(b) focus an intense spot of light on the object ; 
(c) make the light diverge onto the object. 
(13) After focussing the image of a projection lantern on the 


screen, the lantern is moved further away from the screen. To re- 
focus the image, the lens is to be moved towards the ..... 


[screen, slide] 


(14) Depth of focus ofa camera can be...... by reducing the 
aperture of its lens. (decreased, increased] 


(15) While taking photographs with a camera, if one wants that 
every object beyond one metre should be in focus, one should 
(a) give short exposure without changing aperture. 
(6) reduce the aperture and increase the time of exposure. 
(c) increase the aperture and decrease the time of exposure. 
(d) give long exposure without changing the aperture. 
(16) The eye is a very ...... colour receiver. 
[selective, non-selective] 
(17) A fly is sitting on the objective of a telescope pointed to- 
wards the moon. What effect is expected in a photograph of the 
moon taken through the telescope ? 
(a) The entire field of vision is blocked. 
(b) There is an image of the fly on the photograph. 
(c) There is a reduction in the intensity of the image. 


184 SHORT ANSWERS AND OBJECTIVE TYPE QUESTIONS IN PHYSICS 


II. Suggest suitable scientific terms for the following : 


(1) Instruments utilising the combination of mirrors, prisms and/ 
or lenses. 


(2) Instruments used for Seeing very very small objects. 
(3) Instruments for seeing distant or far off objects. 


(4) Instrument which combines in itself the working of a magic 
lantern and that of an episcope, 


(5) Most sensitive part of the retina of an eye. 
(6) Most insensitive part of the retina of an eye. 
(7) Liquid in the eye responsible for tears. 


(8) Property of an eye due to which the fast revolving blades 
of a table fan give the appearance of a moving disc. 
(9) Defect of eye on account of which the eye cannot form a 
point image. 
(10) A term connected to an optical instrument giving the ratio 
of the angle subtended by the image on the eye to the angle sub- 
tended by the object on the eye. 


(11) An eye capable of Seeing any object placed anywhere 
between 25 cm. and infinity. 

(12) The distance between the nearest and farthest objects which 
are just sufficiently in focus to look reasonably clear in a photographic 
print. 

(13) Instrument comprising of two Galilean telescopes. 

(14) An instrument with the help of which a 
under the surface of water can see thing: 
of the sea. 

(15). An instrum 
of a circle. 


IV. Which of 
which are wrong ? 


person sitting 
sfhappening on the surface 


ent whose size is invariably equal to one-sixth 


the following statements are correct and 


(1) Both the lenses are convex in a Galilean telescope. 
(2) Circular aperture of the eye is called pupil. 


(3) The power of a telescope by which the details of the image 
can be observed is called its resolving power, : 


(4) A blind spot and a yellow Spot in the eye are one and the 
same. 

(5) When the cornea is irregular, lines in some directions are 
not focussed so sharply as others, 


(6) In dim light, the eye is most sı 


J ensitive to the central part 
of the visible spectrum. Sa 5 


(7) Telescope acts as a microscope in its reversed position. 
(8) A magnifying glass consists of a single convex lens. 


$ 
| 
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(9) A photographic camera produces a real image. 


(10) When a photograph is taken of a person sitting on the 
ground with his feet towards the camera, the photograph shows the 
feet to be abnormally large. 


(11) An astronomical telesccpe is greater in length [than the 
Galilean telescope of the same magnifying power. 


(12) By the use of binocular vision, we gain depth of vision. 


(13) The third lens near the middle of the tube of a terrestrial 
telescope is used to enlarge the image. 


J 
ECHAPTER XXVII 
{DISPERSION AND VELOCITY OF LIGHT 


I. Complete the following statements with suitable 
words or phrases : 


(1) White light on passing through a prism splits up into...... 
colours called...... 


(2) A...... spectrum can be obtained on the screen while a...... 
spectrum can only be seen. 


(3) In a...... spectrum, there is no overlapping of colours. 
(4) The prism must be placed...... for getting a pure spectrum. 


[NR ree has the longest wavelength while......has: the shortest 
wavelength in a visible spectrum. 

(6) When a glass slab is viewed in red light instead of blue 
light, its apparent thickness will...... 


(7) ......is used for the study of spectra and their measurement 
with different lights. 
(8) “Dispersion without deviation” is studied by a...... 


(OD) losses Ormia spectra are observed when the substance is in the 
form of atoms while......or..... spectra are observed when the subs- 
tance is in the form of molecules 


(10) Solar spectrum indicates the presence of...... in the sun’s 
atmospehere and its hot and cold regions are demarcated by .....lines 
which are called ...Jines after the name of its discoverer......and 
these are ...in number. 

(11) Light and radiant heat travel with...... velocities. 

(12) The velocity cf light is ..... in air than in glass or water. 

(13) The velocity of light was accurately determined by...... by 
his famous ...method in which the distance between the two 
stations was...... 
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(14) Time taken by the light to go and return is the Same as the 
time taken by one...... to take the place of the next...... in Michelson’s 
Octagonal Minor Method. Then the velocity of light is given by the 
formula 


(15) A green glass appears green because it...... the green colour 
and absorbs the rest. 


(16) The part of the spectrum beyond the violet which is not 
visible to the eye, is called... 


(17) An infra-red photograph of a seascape shows the sea as 
and the foliage of the tree as.. 


(18) Sunburn is caused by......in the radiant energy spectrum. 
(19) Any two colours which on mixing together produce white 
‘colour, are called...... colours. 


(20) A person who is colour blind has difficulty in distinguishing 
between...... and...... colours, 


(21) The......light indicates the colour of an opaque body, 
(22) A thin gold foil appears......by reflected light. 
(23) A thin gold foil appears... by refracted light. 


II. Select suitable completions for the following state- 
ments from the clues provided against each: 

(1) The definite proof of fthe velocity of light was given by 
was first of all. [Roamer, Fizeau, Michelson} 

(2) Ina spectrometer, a prism is used to...... the light. 


[reflect, transmit, disperse] 
(3) Parallel beam of light is produced by a......in the spectro- 


[collimator, turn table, telescope] 
(4) A... spectrum depicts all the colours. 

[line, continuous, band} 
OA. spectrum shows all the colours with discrete linings. 
[line, band, emission] 


meter. 


(6) Discontinuous spectra are called...... line spectra. 


(bright, dark]! 
(7) Sodium light produces a...... spectrum. 
[continuous, line, band] 
(8) as. Spectra are formed by white-hot solids. 
[Continuous, Line, Band] 
kani spectra. 
[absorptive, discontinuous]! 
(10) Burning sodium vapour yields......spectrum. 


[absorptive, discontinuous} 


(9) The sun and the stars produce 
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(Qi) an is said when different angles of deviation of different 
colours exist on passing through a prism. [Spectrum, Refrangibility] 
UD nas is the part of the spectrum beyond the red which is not 


visible to the eye and has longer wavelength. 5 
[Infra-red, Vibgyor, Colourless]' 


(13) ... is the most deviated while ..... is the least deviated. 
colour in the solar spectrum. [red, violet, green] 


(14) White light is... .. when passing through the prisms of bino- 
culars. (dispersed, not dispersed] 
(QS) bese colour is produced when the spectral blue and yellow 
colours are mixed. [Yellow, Green, White]; 


(LG) prereset colour is produced when blue and yellow pigments 
combine. (White, Green, Red] 


(17) A blue cross on a white background is illuminated with. 
white light and is observed through a red filter. We scc...... 


(a) a red cross on a black background. 

(6) a blue cross on a red background. 

(c) a red cross on a blue background. 

(d) a black cross on a red background, 

(e) a black cross on a black background, i.e. nothing. 
(18) Which of the following objects will appear invisible ? 


(a) A blue object on a white background seen through a 
blue filter. 


(b) As (a) but seen through a red filter. 


(c) A green object on a red background, illuminated by 
red light. 


(d) A white object on a blue background, seen through a 
red filter. 


(e) As (d), but illuminated with only blue light. — 


(19) All colours ranging from violet to red are found in the light 
emitted by...... 


(a) all incandescent objects. (b) molten iron. 

(c) discharge tube containing argon gas. 

(d) barium chloride when introduced in Bunsen flame. 
(20) Which of the following statements is false ? 


(a) The spectrum of light emitted by a tungsten filament 
lamp is continuous. 


(b) The colours obtained in the light emanating from in- 
candescent objects are all equal in amount. 


(c) Agasat low pressure emits spectrum when excited 
electrically. 


(d) The line spectrum differs from element to element. 
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(21) Which of the following sources gives discrete emission 
“spectrum ? 


(a) Incandescent electric bulb (b) Sun 
(c) Mercury vapour lamp (4) Candle 


(22) Which of the following types of electromagnetic waves has 
‘the longest wavelength ? 


(a) X-rays (b) Infra-red 
(c) Visible light (d) Radio waves 
(23) Of the following, Moving with the same velocity, which 
‘has the largest wave-length ? 
(a) Electron (b) Proton 
(c) Helium nucleus (2) Cricket ball 


(24) In Q. 23 above, which one having the same kinetic energy 
will have the largest wave-length ? 


(25) Which of the following statements concerning photoelectric 
‘effect is false ? 
(a) It displays the particle nature of light. 


(b) Electrons are emitted only if light has a frequency 
above that of a critical frequency. 

(c) All electrons emitted at a Particular frequency have 
the same energy. 

(d) Changing the intensity of the light changes the energies 
of the electrons. 


(26) Which of 


;: the following statements concerning light is 
"ncorrect ? 


(a) Light is a form of energy, 
(b) All photons possess the same amount of energy. 


(c) Light radiation belongs to the electromagnetic spec- 
trum. 


(d) A beam of light can not be a magnet. 
II. Pick out t 


Separately from the 
‘Statements, 


he correct and the wrong statements 
cliowing. Also correct the wrong 


(1) A white body reflects all the colour: 


absorbs all the colours incident on it, * while a black body 


(4) Line spectra are emitted by sodi i A 5 p 
‘Spectra are emitted by white light. y mum light while conünuous 
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(5) Band spectra are emitted by a discharge tube filled with. 
nitrogen gas at low pressure. 

(6) Emission spectrum is obtained when a substance is heated: 
to incandescence. 

(7) Absorption spectrum is obtained when “some thing” is. 
placed in the path of ligat giving a continuous spectrum which. 
absorbs some colours. 


(8) Rainbow is seen with our back towards the sun. 


(9) Rainbows are formed by the reflection and refraction from. 
the water particles suspended in the atmosphere. 


(10) Yellow and blue are complementary colours. 
(11) A red rose appears black when blue light falls on it. 


(12) Red flowers look white against a green background because 
the two colours are complementary. 


(13) Ifa red book is observed in red light, the book will appear- 
black. 


(14) Red-++-Blue= Magneta. 

(15) Blue+-Green=Peacock-blue. 

(16) Green-++-Magneta= White. 

(17) Green-+ Peacock-blue=White. 

(18) Magneta+-Yellow-+ Peacock-blue= White. 


(19) Lights of different colours travel with different velocities. 
through vacuum. — 


(20) Light and radiant heat travel with the same velocity. 


(21) A surface apoears gray when the amounts of light absorbed 
and reflected are about equal. 


(22) Flourescence is the process or phenomenon in which sub-- 
stances give off light upon absorbing radiant energy. 


(23) Anything illuminated in green light looks black through a. 
red filter. 


(24) A rainbow is never seen at midday except in winter. 
(25) Red ink which has dried on a pen-nib appears green. 


(26) The frequency of light having a wave length 3000A° is 1015 
cycles/sec. 


Short-Answer Questions 


1. What is light ? 


Ans. Light is defined as energy radiated from a body which 
produces the sensation of sight upon the eye. It is a form of energy 
as it does not occupy space or has no weight. 


2. Is light homogeneous ? 


Ans. Light radiations are not regarded as homogenous. It is 
composed of various colours, each colour corresponding to different 
wavelengths. The eye is not equally sensitive to all colours (or wave- 
lengths) ; it has maximum sensitivity at wavelength 5500 4.U. and 
minimum at below 4000 A.U. and above 6500 AU, 


3. Why can we see the shadow of a flying bird when it is near the 
ground but not when it is higher up in the sky ? 


` Ans. A shadow (umbra) is formed on the ground when the 
bird is near to it because the bird is very small as compared to the 


4. Sunlight enters a dark room through a hole in a shutter. Are we 
really seeing light ? 


Ans. Light stimulates the sense of sight. Light itself j 
visible but it makes other things visible. It is thie t hy A 
of vision. Above the earth’s atmosphere it is pitch dark—only here 


itself which are seen. After a shower of 

‘dust particles out of the air, a se 
ol tl 1 am 

(except where the light illuminates the clouds), ES 
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Ans. Because their light is not overpowered by the sun, and the 
rays of the sun shine obliquely across the end of the well or chimney 
whereas the light from some stars will shine directly down the well. 


7. An eclipse of the sun is being observed. At one moment when 
the eclipse is decreasing, the edge of the sun, the edge of the moon and the 
observer's eye are in the same straight line. How soon after this will the 
observer first see the sunlight ? 

Ans. The observer will first see the sunlight after that period 
of time has elapsed which is necessary for light to travel the distance 
from the moon to the observer’s eye, i.e. about $ second. 


[Note : Atthe time of total solar eclipse, a beautiful pearly 
glow, termed as corona, surrounds the sun. It is probably due to 
the lighting up of fine dust forced out upto millions of miles from the 
sun’s surface by the pressure of light.] 


8. A lunar eclipse is a little disappointing when seen for the first 
time because the moon does not vanish completely. Why is it so? 

Ans. This is because the earth’s atmosphere bends (refracts) 

- the sunlight, so the umbra is not perfectly dark ; some light reaches 

the moon. This light is predominantly red in colour because red is 
least scattered by the atmosphere ; most of the blue light is scattered 
and does not reach the moon. So the moon assumes a dull coppery 
colour. 

[Note : (i) No such atmospheric effect occurs during a solar 
eclipse because the moon has no atmosphere. 


(it) The greatest possible time of a total solar eclipse at any one 
place is only 7°5 minutes. 


(vii) There are at least 2 solar eclipses every year, the maximum 
number possible being 5.] 

9, A room is lighted by two electric bulbs fixed on opposite walls, 
How will you tell without using a photometer or reading off from the 
bulbs or guessing, which of the two bulbs is of higher canile power ? 

Ans. (i) : A brighter source of light causes a darker shadow and 
wice versa. Using this fact and the knowledge of Rumfords’s shadow 
photometer, instal yourself at the centre of the room and look at the 
two shadows of yours cast on the floor. The bulb on the side opposite 
to that of the darker shadow will be of higher candle power. 


[Note : Here the effect of distance (i.e. inverse square law) will 
be same for both. The darkness of the two shadows 1s decreased by 
the intensity of illumination of the bulb on the side of the shadow 
under consideration.) 


Ans. (ii) : In-between the two bulbs, adjust your position such 
that the two shadows of yours are equally dark. Then the bulb which 
is at a greater distance from you will be of higher candle power. 


[Note : Here, the darkness of a shadow has been decreased by 
the intensity of illumination of the bulb on the side of the shadow. 
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Because it is only when equals are subtracted from equals, that the 
remainders are equal, therefore, the intensities of illumination of the 
two bulbs on your feet will be equal. Since the intensity at a point 
is directly proportional to the power of the bulb and inversely pro- 
portional to the square of the distance apart, therefore, the bulb situ- 
ated at a greater distance from you will be of higher power.] 


10. In the use of radar, a beam of radiation is sent out from a. 
source. Some of this radiation falls on a distant object, is reflected by the. 
object and is detected when it returns to its starting point. The radiation 
used behaves like light. How will you justify that the intensity of the. 


returning radiation varies inversely with the fourth power of the distance 
from the source to the reflecting object ? $ 


Ans. Let L be the power of radiation-source and r its distance 
from the distant object. Then the intensity of radiation or light at 
the distant object is : 

I=Ljr 

The amount of light or radiation which this object reflects is 
proportional to the incident intensity. If C be the coefficient of reflec- 
tion of this object, then it becomes a source of power CL/r*. There- 
fore, the intensity of the returning light or radiation at the radar 
Station is : 


3 
r= OL, h) hee 
ra ba 


ri 
11. Inthe shade of a tree on a sunny day at noon, numerous: 
circular patches of light are noticed. How do you explain their presence > 


ght are the inverted images (in reality 
These patches. 
gaps or openings between the leaves of the 


tree, acting as several pin-holes while the ground serves the purpose 
of a screen. 


icular shape. 


y too small nor too large. When 
the hole is very small, no faithful image will be formed but only 


coloured rings will appear on the screen. On the other: hand, when 
the hole is very large, i i : 


various images, producing a final blurred image. 
14. ‘State thé advantages 


of @ pin-hole camera over a photographic 
camera. 


SHORT-ANSWER QUESTIONS (LIGHT) 193 


Ans. (1) In the absence of a lens, a pin-hole camera requires 
a long exposure of about 2 minutes. The long exposure would have 
the advantage that people walking about in front of the odject to be 
photographed would not appear in the photo. 


(iz) In the absence of a lens, it forms a picture which is a true 
copy of the object 7.e. defects of curvature and distortion, chromatic 
aberration, etc. are absent. 

(iii) Its field of view is wide. 

(iv) No focussing is required. 


[Note : Use a “Slit-camera” in which two narrow slits per- 
pendicular to each other are placed at a distance between the object 
and the screen. If you draw rays passing straight through these slits, 
you will notice that the length of the object has increased and 
breadth diminished or vice versa as it appears on the screen. This is 
used for \i) getting caricatures, (ii) varying architectural designs and 
carpet and wall-paper patterns and (iii) distending or condensing any 
ornamental motif.] 


15 If you can see the eyes of someone in a complicated system 
of mirrors, is it possible for him to see your eyes ? 


Ans, Light travelling from the eyes of the other person towards 
your eyes must follow the same path as light travelling from your 
eyes to his eyes. This is true because the angle of incidence equals 
the angle of reflection. Hence the other person can sze your eyes 
(due to reversibility of the path of light), 


16. A plane mirror kept outside in the sunlight is visible only 
from one particular direction while a wooden plank cın be seen from 
every direction. Why is it so ? 

Ans. An opaque body is visible with the help of the light 
reflected by it. From the polished and smooth surface of a plane 
mirror, the incident parallel beam of sunlight is reflected as a para- 
llel beam in a particular direction (obeying the laws of reflection). 
Evidently, the mirror will be visible only when your eyes lie in the 
path of the reflected beam. 

But the surface of a wooden plank is rough. Therefore, the 
incident parallel beam of sunlight is reflected in all directions due 
to irregular reflection (yet in accordance with the laws of reflection.) 


for each ray). On account of this diffused or scattered light, the 
wooden plank is visible from every direction. 


17. What do you mean by twilight ? What is it due to ? 


Ans. The faint light before sunrise and after sunset is called 
twilight. It is due to the irregular™ reflection of just sunrise or sunset 
rays occuring at the dust particles, clouds, etc. floating in the air, 


*White appearance, whether of foam, paper, ground glass, white-wash or 
anything else that looks white, is due to the reflection of light from an irregular 
surface, 
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Thus the earth continues to get for some time the diffused or scattered 
light. 


[Note : Similarly explain why every part of a room having 
only north windows is illuminated at noonday.] 


18. Some of the moons surface is rough and other parts are 
smooth. Are the bright areas of the moon rough or smooth ? 


Ans. The bright spots of the moon are rough. A rough sur- 
face would scatter light, making it possible to see the reflected light 
from any angle. Unless you are at one certain place, a smooth 
surface appears dark when held in a light. 

19. What is an image? Distinguish between real and virtual 
images. 

Ans. Rays starting from a point after reflection or refraction 
from a reflecting or refracting surface, either converge to or appear 
to diverge from a second point called the image of the first point. 
As long as the object does not change its position, its image will also 
lie at a fixed place. 


(i) When the reflected or refracted rays converge, the image is 
real and it can be received on the screen. It is always inverted w.r.t. 
the object. 


(ii) When the reflected or refracted rays appear to diverge, the 


image is virtual and it can not be received on the screen. It is always 
erect w.r.t. the object. 


3 [Note : A plane mirror produces a virtual image except when 
it has a converging incident beam.] 


20. Distinguish between a shadow and an image. 


Ans. Image: It isa point to which the reflected or refracted 
pencil of rays converges or from which it appears to diverge. It is 
also a source of light and is the lighted object. It is always formed 


at a fixed place as long as the position of the mirror or the lens re- 
mains fixed w.r.t. the object. 


Shadow : It is the region not receiving light (fully or partly) 
due to an obstacle in the path of light. 


21. “A pin-hole camera does not produce an optical image” — 
justify. 

Ans. The inverted picture obtained on the screen of a pin-hole 
camera does not satisfy the conditions of an optical image since 
(i) the rays starting from the object are neither reflected nor 
refracted at the pin-hole, (ii) the rays neither converge to nor appear 
to diverge from the screen, and (iii) the screen can be placed any- 
where to get inverted picture on it while the image is always formed 
at a fixed position as long as the object remains at the same place. 


22. How can you know tha three kinds of mirrors without 
touching them ? 
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Ans. Bring your face quite close to the mirrors one by one 
and see the size of the erect and virtual image. 

(i) It will be a plane mirror, if the size of the image appears to 
be same as original. 

(ii) It will be a convex mirror, if the size of the image is smaller 
than the real size of the face. 

(iii) If the size of the image is larger than the face, then it will 
be a concave mirror. 

23. Why do we get a virtual image in a plane mirror ? 

Ans. If we consider a plane mirror to be a spherical mirror 
of infinite focal length, then using the formula 


oo a ma gee ee 
it ag p VERS v > 


It shows that the image is formed as far behind the mirror as 
the object is in front of tt. The negative sign shows that the image 
is virtual. 

24. Why does a cheap looking-glass give a distorted and dim 
émage ? j 

Ans. A cheap looking-glass is neither plane nor of uniform 
thickness If it is not plane, it will possess concavity or convexity of 
different amounts at different parts of the surface. It will produce 
unequal magnifications at different parts of the image. Hence the 
image will appear distorted. 


If the thickness is not uniform, the reflected light (from back 
polished surface) will spread in a greater area because the angle 
between any two reflected rays will not be the same as that between 
the corresponding incident rays. This will result in a dim image. 


25. Why do we not see ourselves so well in a piece of plane glass 
asin a mirror ? 

_ Ans. It is because when a ray of light- enters a transparent 
medium such as glass, it continues in its original direction until it 
meets with an opaque substance ; then it is reflected or sent back. 
When the light meets the surface of the quicksilver at the back of 
the mirror, it turns back and passes out again at the same surface at 
which it entered. This turning back or reflection does not occur so 
perfectly with unsilvered glass, hence the reflected image is dimmer 
than it is with a mirror. 

26. How do you know that it is not the front surface of a plane 
mirror which reflects ? 

Ans. (i) : Verify the laws of reflection with 4-pin method. It 
will be found that the incident ray and the reflected ray do not meet 
at the front surface of the mirror. 

Aus. (ii) : Place any point of an object against the face of the 
plane mirror. It will be noticed that the image of this point is not 
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touching this point - the two are some distance apart. _ This distance 
equals twice the thickness of the mirror since the image is as far 
behind the plane mirror as the object is in front of it. 


27. Why are plane mirrors often used ai cross roads and in 
corridors ? 

Ans. Normally we can not see around corners and therefore 
we cannot observe the approaching traffic round them. But a plane 
mirrer reflects the incident light in a new direction ; this helps in 
seeing the approaching traffic. 


28. An optician, whose consulting room is not long enough for 


testing eyes, can double the effective length of his room by means of @ 
plane mirror. How ? 


Ans. Since the image formed by a plane mirror is as far 
behind the mirror as the object is in front of it, therefore by fixing a 
plane mirror on the wall facing the eye-testing chart and making the 
patient sit under the chart, the optician is able to double the effective 
Jength of his room. The patient will be asked to read the letters 
from the image of the chart. 


[Note : By placing plane mirrors on both the walls facing 
each other, the length of the room can be expanded to a very great 
distance since the successive reflections will take place from parallel 
mirrors.] 


29. Why do the windows of a house seem dark in daylight i.e. 
darker than the walls of house, even though the walls are painted with 
some dark colour ? 


Ans. Brightness of an object depends upon the fraction of the 
incident light reflected by the object. A transparent window allows 


maximum light to pass through it and only a small portion of the 
incident light gets reflected from it. On the other hand, the reflec- 


tion of light is always much greater from opaque walls. Hence the 
difference in their brightness. 


30. Why do we seem to stand on our head when we see our 
reflection in water ? 


‘Ans. The surface of water behaves as a plane reflecting sur- 
face. We know that in a plane mirror, image formed is as far behind 
the mirror as the object is in front of it. Our feet are nearest to 
the surface of water, they must therefore seem so in the reflection. 
On the other hand, the head which is more remote must also seem 
more distant from the surface of water which reflects it. 


31. We can look at tha i 
in the afternoon. Why ? 


Ans. The part of light which i 
depends upon the angle of inciden: 
larger the portion of light reflecte 


mage of the sun in water at noon but not 


s reflected from a surface 
Ce—greater the angle of incidence, 


A 
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Near about noon, sunlight falls approximately normally t.e. 
the angle of incidence is very small. Hence most of the incident 
light passes through water and very little light is reflected which will 
not be dazzling to the eyes. 

But in the afternoon, the angle of incidence increases and there- 
fore a large portion of the light will be reflected which will dazzle 
our eyes arid we will not be able to see the image of the sun. 

32. A large plane mirror stands vertically at a cerlain distance 
from a man who sees his image* in it. Find his rate of motion w.r.t. 
his image when (i) the man moves at the rate of 3 metres/sec. towards 
tha fixed mirror, (ii) the man is stationary and the mirror moves at the 
rate of 3m sec. towards the man, (iti) the man and the plane mirror 
doth move towards each other at the rate of 3 m/sec. 


Ans. We know that in a plane mirror, the image is formed as 
far behind the mirror as the object is in front of it. 


Case (i) : When the man moves at the rate of 3 metres per 
second towards the mirror, his image will also move at the same 
speed towards the mirror. Therefore his relative velocity w.r.t. his 
image is : 


v,=3-+3=6 metres/sec. 


Case (ii) : The mirror moves towards the man by 3 metres in 
one second and so does his image. Therefore his relative velocity 
w.r.t. his image is : 


Ug=343=6 metres/sec. 


Case (iii) : When both move towards each other at the rate of 
3 m/sec., that means they approach each other by 3+3=6 metres in 
one second. Therefore his relative velocity w.r.t. his image is : 


v,=6+6=12 metres/sec. 


33. How will you locate the position of a Junction (to minimise 
the cost on the length of rails) on the existing railway line for two new 
cities coming wp in tha interior on the same side of the line ? 


Ans. Let us consider the railway line as a plane mirror since 
the light chooses the shortest} and fastest of all possible routes 
between its source, the mirror and the eye. Let the source be one 
‘city (say A) and the eye another city (say B). To locate the position 
of junction (say C) so that AC and BC are equally inclined to the 
plane mirror, locate the image A’ of A (the image being as far behind 
the mirror as the object is in front of it) and join A'B cutting the line 


at C. 


*Quite often one may put a lamo behind oneszlf to ‘‘light-up"” his refl- 
ection or image in a mirror instead of throwing the light on his own person from 
front. 

+While reflecting, light follows the shortest route; while refracting, the 


Tight chooses the fastest way. 


` 
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34. State the physical principles made use of, in the case of the 
following : 

(a) Sextant (b) Kaleidoscope (c) Periscope. 

(d) Concave mirror used as a shaving glass. 

(e) Convex mirror used in a motor car. 


(f) Mirror galvanometer with lamp and scale arrangement. 


Ans. (a): B=20, that is when the plane mirror moves through 
a certain angle (8), the reflected ray moves through double that angle. 


(b) : Multiple images are formed by inclined mirrors due to 
multiple or successive reflections. 


(c) : Successive reflections of light from two plane mirrors, each 
kept at 45° to the incident light. 


(d) A virtual, erect and enlarged image is obtained of an object 
placed very near the concave mirror i.e. between its focus and pole. 


(e) : A convex mirror gives a wider field of view and it forms a 
virtual, erect and diminished image. 


(£) : Same as (a). 


[Note : (i) Ina search-light we should vse a concave mirror of 


large aperture or a parabolic mirror so that light can be concentrated 
on any distant object. 


(ii) In street lighting, a convex mirror is preferred as that will 
diffuse light to a greater region.] 


35. Why is a motor-car rear-view mirror made convex ? 
Ans. It is due to the following reasons : 


(1) A covex mirror always forms an erect image of the moving 
objects following or passing your car from behind, irrespective of the 
distance of the object. Terrestrial objects cannot be recognised in 
their inverted position. 


(2) As the size of the image of the approaching object gradually 
decreases, it helps the driver in judging the distance” as well as the 
speed of the approaching object. 


_ (3) Since the image is reduced, a small convex mirror gives a 
Picture showing all objects on a considerable length and width of the 
toad. On the other hand, for such satisfactory results, a plane 
mirror or a concave mirror would have to be too large to be conve- 
nient. In other words, the use of a convex mirror increases the field 
of vision. As is evident from Fig. (3-3), light in the arc from A to B 


i *The distance as well as the speed of an approaching object. are better 
judged with the help of a plane mirror. 3 
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can reach the eye form the convex mirror, from C to D arc from a 
plane mirror and only from Æ to F arc from a concave mirror. 


$ ew T 


Fig. 3-3 

36. Why does not a truely spherical concave mirior produce per- 
fectly parallel rays of light ? 

Ans. It is owing to a defect known as spherical aberration 
which is the inability of a spherical mirror to focus accurately at its 
focus all the rays parallel to its principal axis. 

[A parabolic mirror can affect this, and is thus used in search- 
lights and optical devices where a truly parallel beam of light is 
required]. 

37. What :s the difference between the aperture and the relative 
aperture of a spherical mirror ? 

Ans. Aperture is measured in terms of the diameter of a mirror. 
It is also the angle subtended at the centre of curvature by two 
extreme radii on the principal section of the mirror. 

Relative aperture is the ratio of the diameter of the mirror to its 
focal length. 


38. Suppose we set an object-pin and an image-pin in the no- 
parallax position w.r.t. a concave mirror, What will happen to the no- 
parallax position if the whole apparatus is now placed inside water ? 

Ans. The no-parallax position will remain unchanged. The 
focal length of the mirror does not depend on the surrounding 
medium ; it will remain the same whether the mirror is surrounded 
by air or any other transparent medium. Evidently, w and v will also 
have the same values. 

39. Will there be any chan72 in the no-parallax position if we 
use a coloured pin instead of a white pin ? 


Ans. There will be no effect in the case of a concave mirror 
as there is no refraction taking place. The focal length of a mirror 
does not depend on the colour of the pins. 

The case will, however, be different in the case of a convex lens 
due to refraction. 

40. On what factors does the refractive index of a material 
dzpend ? 
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Ans. (i) Nature of the material. 
(it) Nature of the medium in contact with the material. 


(vi) Wave-length or colour of light since p increases with de- 
crease in wave-length. It is maximum for violet light and minimum 
for red light. : 

(iv) Temp. since p decreases with the rise in temp. But the 


ratio s = a constant where d is the density of the medium. 


41. Why does a sheet of ground glass become almost transparent 
when wet ? 

Ans. Ground glass is made by rubbing the surface of plane 
glass with a sand-paper. Its surface is thus rendered rough, When 
the light falls on this rough surface, it is irregularly reflected as well 
as irregularly refracted. It results in making a sheet of ground glass 
translucent. But when it is wet, water fills the cavities of its rough 
surface which then starts behaving like a plane glass and therefore 
most of the light can pass through it. 


42. An optical medium is either transparent, translucent or 
opaque. Are these terms absolute or relative ? 


Ans. These terms are relative. There is no hard and fast rule 
for such a division because the same medium can be any of them 
depending upon its thickness. For example, a thin layer of water is 
transparent, a slightly thicker layer is translucent while an enough 
inde layer is opaque. We can also cite the example of thin gold 

eaves, 


43. What will you see when you look at a piece of fused quartz 
submerged in oleic acid ? J : 


_ _Ans. Fused quartz and oleic acid both have the same refrac- 
tive index and both are colourless, Since light will pass through their 
interface without being refracted or reflected, there is no way of 
Seeing the quartz at all. 

[Note : For the same reason : 
(i) fragments of glass cannot be seen when submerged in cedar 
wood oil ; 
(ti) a truly invisible man would have to be colourless and 
transparent with a refractive index equal to that of air, But the 
invisible man would also be blind since the lenses in his 


c eyel alls 
would not form any image on the retina.] 


of this mixture of oils. Then measure p 


45. In what medium can rays of light be curved ? 


Ans. If the refractive index gradually rises, 


4 e the angle of 
refraction correspondingly decreases. If the ray of 


light passes 
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through a large number of such thin laminas with a gradually 
changing refractive index, the ray’s path will be curved. Media of 
this kind are, for example, non-homogeneous liquids or layers of 
the atmosphere of gradually changing density causing mirage and - 
looming. 

46. Why are multiple images formed by a thick plane mirror 2 
(b) And why is the second image brightest ? 

Ans. (a) : Ifwe placea lighted candle A in front of a thick 
mirror MM’ and look obliquely, we shall 
see several images A,, Ay, As, etc. 
(Fig. 3-4). These are formed by the 
repeated reflections from the front surface 
MM and silvered. surface M'M'. Since 
the normal ray AN after reflection on 
MM or M’'M' will be reflected back along 
the same path, all the images will be #7” 
formed on this normal line ANN’ itself, 


The first image A, is formed by a 
small part of the light which is reflected 
along BG from the front surface MM of 
the mirror. Most of the light passes Fig. 3-4 
through the front surface along BC and is reflected along CD from 
the back or silvered surface M'M'. Most of this light is refracted 
along DK, giving rise to the second image As while a small part of the 
light is reflected back along DE from the lower surface of MM. This 
DE will be reflected along EF from M'M', will be mostly refracted 
along FL giving rise to the third image A, and a small part will be 
reflected again at MM. This will continue. As successive reflections 
take place, the light goes on decreasing in intensity, 


(b) : The second image is the brightest because maximum 
refracted as well as maximum reflected lights participate in its 
formation. 


47. If the light from an electric filament be reflected from a slab 
of red glass, two images are scen—one white and other red. Why and 
how ? 

Ans. Refer to Fig. (3-4) of Q . 46 above. 


From the front surface MM of the slab of red glass, we get two 
reflected rays of white colour corresponding to the ray AN of normal 
incidence and the ray AB since no dispersion can take place. These 
two reflected rays are responsible for the white image A,. 


When the white light of the electric filament passes through the 
red slab, all other colours except red are absorbed by the slab. Con- 
sequently, the refracted ray BC will be red and it will be reflected 
along CD and then refracted finally along DK. This ray along with 
the refracted ray ANN’ of normal incidence produces a red 
image Ag. 


202 SHORT ANSWERS AND OBJECTIVE TYPE QUESTIONS IN PHYSICS. 


49. Why is it that a pond of clear water appears less deep than 
it really is (or why can’t a fish under water be shot by aiming straight 
from an inclined direction) ? 


Ans. This is due to the refraction of light from denser to 
> rarer medium, which bends away from 
Ne Oo cu. the normal. When the fish A is actually 
at the bottom of the pond of water, it 
appears at B because the refracted rays. 
ON and O'D (corresponding to the incident 
rays AO and AO’) appear to diverge from 
B (Fig. 3-5). Here real depth is OA and 
apparent depth is OB. 
It is also evident that the fish A can 


not be shot by aiming along DO'B direc- 
tion. 


[Note : (i) In Dropadi’s Swayamber, 

f only Arjuna succeeded in aiming at the 

Higiss eye of the revolving fish by directing his 

arrow along the normal ON while seeing vertically downwards on the 

image A of the eye of the fish produced by reflection on the oil- 
surface PQ. 


n (ii) Our finger of length OA appears shorter, of length OB, 
when dipped vertically in water, ] 


50. Why does a straight stick appear bent when dipped partly and: 
obliquely in water ? 


Ans. When a st. stick AOB is immersed in water obliquely 
and viewed from the rarer medium 


of air, the rays starting from the 
lower end B go away from the 
normal after refraction and 
enter the eye. These refracted 
ays appear to diverge from P 
(Fig. 3-6). Thus the image P of 
object Bis formed somewhat 
above it. Same consideration ap- 
plies to every part of OB which 
appears to take the position OP. 
Thus the st, stick AOB appears as 
AOP, bent upwards at the point 
of immersion 0. Fig, 3-6 


[Note : An object under water appears to be raised up more 
and more when observed more and more obliquely, Keeping the 
eye on the central line of a vessel containing water, the marginal 
rays coming from the farthest end of the bottom are raised more 
than the central rays and therefore th: bottom of a vessel filled with æ 
liquid appears concave when viewed from above.] 


» 
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S1. What will happen to the apparent thickness of a glass slab 
wren viewed in red light instead of blue light ? 


Ans, It will increase. The reason is that for any transparent 
medium, its refractive index 
real thickness 
apparent thickness 


Since, real thickness of the given slab is constant while p for red. 
light is less than that for blue light, hence apparent thickness will be- 
come more for red light. 


52. A fish swims ina glass tank, A person, wh se eye is above. 
the level of the water, sees two fishes. How is it possible 2 


+ 
Ans. The fish A is in the glass tank. It is ina denser 
medium while the eye is viewing it froma rarer medium of air. 
When a ray is refracted in a rarer medium, it bends away from the 
normal. One beam .of ray starts 
from the fish 4 and strikes the side 
PS of the tank, This beam on 
entering into air bends away from 
the normal and strikes the eye of 
the observer as a diverging beam 
which on producing backwards 
appears to diverge from B -thus 
giving one image B of the fish 
(Fig. 3-7). 
The other image C of the fish A is visible to the eye on account 
of the rays striking the surface PQ of the water and after refraction 
they appear to diverge from C as before. 


53. Why does a fish under the surface of water not try to catch a 
Sly flying near the surface of water ? 


Ans. Here the object is in air and is viewed from a denser 
medium of water. We know when 
light travels from a rarer to a denser 
medium, the refracted ray bends. 
towards the normal. When the fly is 
actually at the position A, it appears 
to the fish at B because the refracted 
rays ON and O'D (corresponding to 
the incident rays AO and AO’ respec- 
tively) appear to diverge from B (Fig. 
3-8). Here real height is OA and 
apparent height of the fly is OB. 
Since to the fish, the fly A appears to 
be further away at B, so the fish does. 
not try to catch it. 


[Note : Since an aeroplane is. 


+ 
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lying in a rarer medium as compared to that of the observer standing 
on earth, the aeroplane appears higher than its actual position. But 
here the density of air goes on changing as we go upwards, so we can 
treat the aeroplane problem like the one in Q . 54 below.] 


54. (a) How do the stars appear at the higher altitude ? (b) And 
how do they twinkle ? : 


Ans. (a) : The atmosphere acts as a non homogeneous medium 
y whose refractive index goes on increasing 
fet as we come towards the earth. The lower 
layers of air are denser than those higher 
up due to pressure of the layers above. 
Such a medium refracts the successive rays 
more and more towards the normal 
so that their path in the atmosphere 
becomes curved and ultimately these rays 
fall on the eye. [We know that initially 
the rays coming from the star 9 will follow 
a rectilinear path before reaching the 
earth’s atmosphere shown divided up.into 
layers of different refractive indices]. On producing back the final 
rays, the star S appears at §’ to the eye. Thus we sce the virtual 
image of the star higher up or at higher altitude (Fig. 3-9). 


(b) : Since these layers of air are in motion due to convection 
currents, it results in the change of the path of the rays. Thus 
sometimes more rays fall upon the eye so that the star appears 
brighter while sometimes only a few rays or no rays reach the eye 
so that the star appears to be fainter or to disappear altogether. This 
explains why the stars twinkle or scintillate. j 


[Note : Planets do not twinkle on account of their proximity to 
the earth. They subtend larger angles at the eye, and shine more 
steadily.] 

55. Why is the apparent day 
longer than the real day* ? 

Ans. Before the sunrise or after 
the sunset, when the sun S is below 
the horizon AOD, its virtual image S’ 
is visible to the eye at O (Fig. 3-10). 
This results in lengthening the day by 
nearly 2 minutes in the morning and 
2 minutes in the evening. In the 
absence of the atmosphere, the real 
‘day would have been nearly 4 minutes shorter. 


56. Why do the sun and moon appear as if flattened into oval- 
form when seen near the horizon ? 


Fig. 3-10 


*Another ri 


eason is that it also takes 8°25 mi 
' the sun reaches us. 8:25 minutes before the last ray from 


Sun will be visible in its true position only at midday, 
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Ans. Refraction in the earth’s atmosphere of the sun’s (or 
moon’s) rays which come from the ends of the horizontal diameter 
of the sun’s disc (these rays being parallel to the plane of the visible 
horizon of the observer A) takes place under identical conditions. 
Therefore we do not notice any distortion of the sun’s disc in the 
horizontal plane. 


ATMOSPHERE 


€ 
F = VISIBLE 
era. HORIZON 


Fig.. 3-11 


But the rays which come from the ends.of the diameter BC of 
the sun’s disc are perpendicular to the plane of the visible horizon, 
(Fig. 3-11). When the observer A sees the lower edge B of the sun’s 
disc, the rays from B strike the upper edge of the atmosphere at a 
greater angle (say 6) than the rays which come from. the upper edge 
C of the sun’s disc (9>¢). Therefore they are bent more sharply 
than the latter while gradually passing through the non-homogeneous. 
medium of the atmosphere (its refractive index goes on increasing 
as we go towards the earth). As a result, the lower edge of the 
sun’s disc appears to us to be raised higher than the upper edge is 
raised. Thus the vertical diameter BC appears as B'C’. This results 
in the sun (or the moon) appearing oval or to. be flattened in this 
plane. 


[Note : When the sun is near the horizon, its rays have to 
travel a longer path than when it is at noon. On account of greater 
refraction, the sun appears bigger at the sunrise or sunset than that 
at noon.] 


57. A ray of light falls on a transparent homogeneous ‘sphere 
and passes into it. After passing through the inside of the sphere, it 
reaches the sphare-air surface at A (Fiy. 3-12-a). Can total internal 
reflection take place at this point ? 


Ans. When a light ray PQ strikes the sphere of centre O at 
an angle 7, it is refracted at an angle r and enters the sphere along 
QA (Fig. 3-12-b). Since QQ=OA, therefore OAQ= 7/7 also. On 
account of the reversibility of the path of rays of light and the two 
angles (r and r) being equal, it (i.e. the ray QA) is of necessity ref- 
racted and leaves the sphere along AR at an angle ¿i [OF course, a 
small part of the light will be reflected back inside the sphere at 
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(b) : If the test-tube is filled with water (or is kept vertical), 
the bright silvery surface disappears at once because light will pass 
through the water of the tube and there will be no total internal 
reflection. 


[Note : Similarly we can explain the following : 


(i) Why does the surface of water in a tumbler, when viewed 
from below, look like mercury from most angles ? 


(ii) Why does a crack in a glass pane have a metallic appear- 
ance ? 


(iii) Why does the powdered ice appear white ? 


(iv) Why do water drops or air bubbles in a glass paper: weight 
appear silvery ?] 


60. Why docs a metal ball coated with lamp-black appear silvery 
writ e when immersed in water ? 


Ans. This is due to total internal reflection. Since the lamp- 
black or the soot does not allow water to come in contact with the 
surface of the ball, so a thin layer of air is entrapped between the 
two. The ight travelling from water to the ball then will suffer 


total internal reflection on air-layer. As a result the ball appears 
white. 


61. How will you explain the brilliancy of diomands ? 


Ans. It is due to total internal reflection which takes place 
under two conditions : (z) light must travel from the denser to the 
rarer medium, and (ii) the angle of incidence must be greater than 
the critical angle for two given media. 


Refractive index of diamond is 2°417, which gives its critical 
angle ð (given by sin 9=1/m) equal to 24°. The diamond is cut in 
such a way that it has many faces so that the light entering through 
one face is almost always incident on another face at an angle greater 
than 24°, Evidently the light suffers total internal reflection at various 
faces one after another till it comes out of one face (when the angle 
‘of incidence is less than 24°) asa bright beam of light—making the 
diamond to shine brightly. 


62. In what direction must a fish in water look to see a rising 
or a setting sun ? 


Ans, When the sun is rising or setting, the sun-rays are almost 
horizontal i.e. these graze along the surface of water. Thus the 
angle of incidence at any point of the surface is 90°. The rays of 
the sun will be refracted inside towards the eye of the fish 
of refraction r which equals the critical angle for wat 
Taking » for water=4/3, we have 

1 


S 1 
sin e a 3 or r=48° 36’ 


at an angle 
er and air. 
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point A and the emergent ray AR will be somewhat less bright. 


(a) Fig. 3-12 (b) 


S58. On warm sunny days, tarmac reads ofien appear to be covered 
with pools of water some distance ahead, which disappear when 
approached. Hew do you explain this ? 


Ans. This phenomenon is due to total internal reflection and 
is similar to a mirage which generally occurs in deserts and hot lands 
in summer. It is an optical] illusion. 


On warm sunny days, the tarmac roads get heated. The layer 
of air in contact with the earth’s surface becomes very hot and as 
such density and hence refractive index of air increases from the 
lower towards the upper region. The rays of light from the sun 
pass through the denser to the rarer medium (or layers) of air and 
are bent away from thé normal. This continues till the angle of 
incidence exceeds the critical angle, resulting in the total internal 
reflection. Due to total reflection, an observer will get sharp light 
on his eyes from this layer, giving a feeling of watery* surface on 
the roads. i 


[Note : In the polar regions where it is very cold or near sea- 
shore in winter season in the morning, inversion will occur in the 
Opposite manner on account of total internal reflection and the 
objects will appear as if hanging upside down higher up in air, 
This optical illusion is called superior mirage or looming or fata 
morgana or Gandharva Nagar.] 


59. (a) Why does an empty test tube held obliquely in a beaker 
of water and looked from above, appear to be full of mercury ? (b) Why 
does this brightness disappear when the test tube is Jilled with water 2 


Ans. (a) : This is due to total internal reflection, The rays of 
light coming from outside fall on the immersed portion of the tube 
at an angle greater than the critical angle (=about 42°) between 
glass and air. Evidently, the rays of light cannot enter into the air 
of the test tube but are totally reflected. As the airin the test tube 
acts as a mirror reflecting the rays upward, the immersed part of the 
test ‘tube, on account of brightness, appears to be full of mercury. 


"A small mirage can sometimes be seen on a hot day by an observer 
appr oaching the top ofa hill along a tarred road. With the sky as a background, 
there appears to be a poolat the top of the hill. 
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Hence the fish must look in a direction making an angle of 
48° 36’ with the normal in order to see the rising or setting sun. 


63. How is the covered print not visible from any of the four 
sides of a glass cube (or slab) placed on a book ? 


Ans. In Fig. (3-13), ABCD is a glass cube placed over a book 
PQ and let us consider a letter Æ for its minimum angle of incidence 
(=0°) and maximum angle of incidence 
(=90°). There will be a thin layer of 
air between the book and the cube. 


A normal ray HF continues to 
move along the same straight path 


EFGH and does not deviate towards the 
side BC or AD. 


Another ray EK grazes along the 
surface CD and is incident at an angle of 
90°. Since the critical angle for glass 
H and air is about 42°, therefore the ray HK 
Fig. 3-13 is refracted along KL having 42° as the 

le of refraction. This ray KL strikes the side AD at an angle of 
48° “which is greater than the critical angle of 42°. Hence KL ray 
is totally reflected along LM and finally emerges out of the top side 
along MN or MG. 


For any other ray from E, angle of incidence will be less than 
90°, the corresponding angle of refraction will be less than 42° so that 
the refracted ray will strike the side AD at an angle greater than 48° 
and hence wili also be totally-reflected. Thus no ray from Æ emer- 
ges out of the side AD or BO and same consideration applies to the 
remaining two sides also. Hence the reason. 


[Note : Try this yourself: With a coin underneath a small 
empty beaker in an evaporating dish, the coin is visible through the 
sides of the beaker. But when the beaker is filled with water and 
the top of the beaker is covered with a cardboard, the coin 
disappears. ] 


64. How can a prism serve the purpose of a (a) plane mirror® 
(b) convex lens ? 


Ans. (a): This is possible when it is a right-angled isosceles 
prism. The critical angle of glass w.r.t. air is about 42°. Therefore 
the ray of light falling normally on any one of the two equal sides of 
such a prism will enter straight and strikes the third side A@ at an 
angle of 45° which is greater than 42°. Thus the ray is totally reflec- 
ted from AC (that is why such a prism is called a reflecting prism) 
and comes out of the other side of the prism normally (Fig. 3-14-a). 
Thus the prism acts as a plane mirror. 


*The prism has no metal surface to be protected fagainst. tarnishing. That 
is why the life of a prism is longer than that of a mirror, 
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(a) (b) (c) 
Fig. 3-14 

(b) : The rays of light can also be made to suffer a deviation 
of 180° so that the inverted object appears erect (Fig. 3-14-b, c). 
That is why a right-angled isosceles prism is called an erecting prism 
and serves the purpose of a convex lens. 

[Note : The angular deviation of a beam of light by a narrow 
prism is measured in centrad units. One centrad=0°01 radian.] 

65. If the angle of the prism be greater than twice the critical 
angle of glass of which it is made, there will be no emergent ray. How 
will you justify this ? 

Ans. Maximum value of angle of incidence is 90°, i.e. grazing 
incidence. In that case, the angle of refraction (r,) will be equal to 
the critical angle (0) and the refractive index (u) of the prism mate- 
rial will be given by 

sin 90°/sin 7;=# or sin7,=1/p 

re r=sin-) (1/“)=critical angle 8 

If A be the angle of prism and r, the angle of refraction on the 
other surface of the prism, then 


ttn =A 

If A>20 or (ry+12)>20 or (0+72)>28 or r2>8 

Thus the refracted ray strikes the second surface at an angle re 
which is greater than the critical angle 6, therefore it will suffer total 
internal reflection. Hence there will be no emergent ray from the 
second surface of the prism. 

66. How will you judge whether a given piece of glass is a convex 
lens, a concave lens or a plane glass ? 


Ans. This can be judged with the help of any of the following 
three methods* : 


Method (i) : Roll a pencil over the given piece. Ifit touches 
the piece evenly, it is a plane glass. If it touches the central part but 
not the edges, it is a convex lens, If it touches the edges but not 
the central part, it is a concave lens. 


*Students are advised to write only one method and preferably (ii) or (iii) 
method. 
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Method (ii) : Note the observation when the given piece of 


glass is held very close and over a printed page. If the letters are 
magnified, it is a convex lens. If the letters are reduced, it.is a con- 


cave lens. And if the letters appear of the same size, it is a plane 
glass, : 


Method (iii: Look at a distant tree through the given piece. 
If you see an inverted image, it is a convex lens, If you sce an erect 


but diminished image, it is a concave lens. If the image is erect and 
of the same size, itis a plane glass. 


67. What are conjugate foci? For which mirrors and lenses do 
they exist ? 

Ans. These are a pair of points (and many such pairs will exist) 
on the principal axis of mirror or lens such that the .ohject. placed at 
one of them produces an image at the other point... The positions of 
the object and its image can be interchanged at such points. 


Conjugate foci can occur in the case of real images only. Hence 
they exist in the case of concave mirrors and convex Jenscs, but not in 
the case of convex mirrors and concave lenses. 


68. What should be the minimum distance between the object and 
ils real image for a convex lens ? 


Ans. (i) : Here we have to find the minimum value of (u+v) 
when both of them are +ve and hence their product will also be 
+ve. Using the lens formula 1/v+1/u=1/f, we get 


uv=(u+v) f A) 
or wot (uto)? fe 
or wv —4uyft— (u-++v)? f2—4wof? 
ur(uv—4f?) =(u—v)?f2=-+-ve quantity 
hi (ww—4f?)>0 ("wv is also +ve) 


Using equation (i): (u+v)f—4f?>0; or (u+) >4f 
«©. Minimum value of (u+v)=4f 


è P—2 
Ans. (ii): Formula for the displacement method is pe $ 


The least value of the displacement (of the lens) d can be zero 
and therefore the least value of 1, the distance between the object 
needle and image needle is given by 


7292 
tal 


=i; or "4f=1 


69. An image of a candle is obtained on a screen with the aid of 


a double convex lens. How will this image be altered if the lens be half 
covered by a piece of cardboard (Fig. 3- 15-a). 


Ans. -Let us construct the image of the candle AB, obtained- 
on a screen by using the lens L (Fig. 3-15-b). For this purpose we 
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usually take two rays from A as well as from: B—one ray passing 
through optical centre continues to go straight while the other ray 


CANDLE 


CARDBOARD 


(a) > Fig, 3-15 (6) 

being parallel to the principal axis passes through the focus ot the 
lens after refraction. Thus we get the image A'B’ on the screen. But 
it is clear that at point B’ (for example) mect not only the two rays, 
which leave B, already mentioned, but the whole cone of rays which ` 
proceeds from B and strikes the Jens (two of these rays are shown in 
the figure as dotted lines). Therefore, if half the lens is covered by a 
piece of cardboard, rays will still strike the screen from every point 
of the object, że. in this case tooa full image of the object will be 


obtained. But the amount of rays will be twice as few and therefore: 
the image will be half as bright. | 


70. In Fig. (3-16-a) is depicted the path of a ray of light BC, 
after refraction in a double convex lens L of principal focus F and of 
principal axis PQ. What is the path of this ray before reaching the 
lens ? 

Ans. For this purpose, we shall use two basic properties of a 
lens : : 

(1)_A ray of light that passes through the optical centre of a 
lens continues its straight journey. 


(2) All the rays which strike a lens in a parallel beam, converge 
at one point, after refraction, in the focal plane of the lens, 


e 
B NB | 
A 1 


F 


D 


ce 


! 
1 
J 
| 
E x T i 
(a) t Fig. 3-16 (b) 
Now draw the focal plane GFH which cuts BO at D 
(Fig 3-16-b). Draw any ray #O/ passing through the optical centre 
(6) Using the property (2) of the lens given above, the unknown ray 
of ligat mist be parallel to the ray HOD and strike the lens at B. 
A 
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Draw a line AB parallel to HOD. Then the line AB represents the 
path of ray BC before it is refracted in the lens. 

71. With the help of a lens of principal axis PQ, an image B is 
obtained of a point A (Fig. 3-17-a). Where is the lens placed ? Of what 
kind is it? And what are its foci ? 

Ans. Since the object and its image are located on the opposite 
sides of the principal axis PQ, therefore, the image is real and obvious- 


(a) Fig. 3-17 (b) 
ly obtained with the help of a double convex lens. Evidently the st. 
line AB cuts PQ at the optical centre O of the lens (Fig 3-17-b). 
Erect the perpendicular to PQ at Q and draw a ray AC || PQ. After 
refraction in the lens, this ray must pass through the second principal 
focus F, of the lens and strike the point B. Thus the point of inter- 
section of CB and PQ gives the location of focus Fẹ. By drawing a 


line BD || PQ and then joining D and A, we get the first principal 
focus F, where DA cuts PQ. 


72. Will the focal length of a lens change when it is dipped in 
water ? 


Ans. Yes. The focal length of a lens depends upon the relative 
refractive index of the material of the lens and its surrounding 
l 
medium given by pee (4+ z) where R, and R, are 
1 2 
radii of curvature of the two surfaces of the lens. If the surrounding 
medium is changed, the focal length will also change. 
73. A convex lens of glass is immersed in water. Compared to its 
power in air, will its power in water increase or decrease ? 
Ans. When f, R, and R, of a lens of refractive index p are 
measured in metres, then its power in dioptres is given by 
1 1 1 
P: = 1 
? pa ete) 
Since for a given lens, R, and R, will remain constant, so 
Po(u—1) 
For glass-lens immersed in air, 
Poa (aHg—1) 0¢(1°5—1)0c0°5 
And for glass-lens immersed in water, 


Pow X (opto —1 ac ( te — ) (35- . 
s EN aE ag —1 £0125 
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Hence its power in water will decrease as compared to that in 
air. 

74. Under what conditions cana convex lens actas a concave 
lens and vice versa ? 

Ans. Ifa lens is dipped in a medium which is optically denser 
than the lens itself, then its properties will get reversed. For example, 
if we immerse a concave lens in carbon disulphide (¢=1°63), it will 
behave like a convex lens anda convex lens in the same medium 
will behave like a concave lens. 


75. How are “invisible windows” prepared ? 


Ans. The windows are made of cylindrically curved glass 
arranged so that the reflections from the sky or street lighting are 
‘directed down away from eyes of shop-gazers. The appearance is 
then that of a shop-front without a window. 


76. What will be the appearance on the screen if the slide and the 
projection lens are removed while the projection lantern is still in action ? 


Ans. Since the condensing lens is at a distance slightly more 
than its focal length from the projection.lamp, the light from the 
lamp, after passing through the condensing lens will converge and 
‘then diverge —thus forming a circular spot of light on the screen. 


77. How does a telescope enable us to see distant objects invisible 
ito the naked eye ? 


Ans, It is because the instrument (i) gathers together by re- 
fraction more luminous rays of light from the distant or obscure 
‘objects than our eye can, and (ii) focusses them into one small image, 


where they are magnified by the eye-piece of the telescope and thus 
‘seen by our eye. 


78. What alteration in an Astronomical Telescope is required to 
ancrease (i) magnification (ii) brightness of image ? 


Ans. (i) : For an astronomical telescope, we know that 


focal length of objective F 
focal length of eye-piece ff 
ùe. moc F andm œ I/f 


N Hence it is clear that the magnification of the telescope can be 
increased by increasing the focal length F of the objective lens and 
by decreasing the focal length f of the eye-piece. 


(ii) : The brightness of the image can only be increased by 
gathering more and more light from the object And that is possible 
by increasing the diameter or size of the objective lens. 


79. 1f you are supplied with four convex lenses of focal lengths 
100, 25, 3 and 2 cm. respectively, state which lenses you would select 
for constructing (a) a Compound Microscope, (bh) an Astronomical 
Telescope ? 


magnification (m) = 
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Ans. (a) : For a Compound Microscope*, we know that its 
v D i. DP 
MP.=_x( 142) = ear 
Nate Jeg 
The magnifying power will be large, if 


(4) u is small, i.e. when the focal lengtk (f,) of the objective is 
small. 


(#2) v is great, i.e. the object is placed very near the focus of 
the objective lens, 

(iii) f, of the eye-piece is small, 

(iv) tube-length (Z) is large. 

Considering (i) and (iii), we must take two lenses, one of focal 


Jergth 3 cm. for eyepiece ard znoiher of fecal kergth 2 cm. for 
objective lens. 


(b) : We know M.P. =F'/f for an astronomical tele scope. 
To increase M.P. of an ‘astronomical telescope, F should be 


large and f should be small, Therefore we must select lenses of focal 
length F=100 cm. for objective lens and f=2 cm. for eye-piece. 


80. Some persons use two pairs of glasses, one for seing at a 
distance and other for reading. Why ? 

Ans. People use spectacles to assist their sight, which may be 
defective from various causes. Concave lensts are used by a myopic 
eye ie. for seeing the distant objects clearly while convex lenses are 
used for hypermetropic eye i, for seeing the nearer objects clearly. 


Generally older people lose the power of accommodation of the 
crystalline lens of the eye. As.a result, the near point recedes beyond 
normal distance of distinct vision of 25 cm. This defect is: called 
Presbyopia. It can be remedied by using two pairs of spectacles i.e, 
convex-lens spectacles for secing nearer objects and concave Jens 
spectacles for seeing distant objects. 


81. As we have two eyes and each perceives a separate image, 
how is it we do not sce any thing double ? 


Ans. When an object is seen distinctly with both eyes, the 
axes of both are directed to it and the object appears single. More- 
over, the two optic nerves, both leading to the same point in the 

rain, excite but one sensation. Since one eye sees more of right side 
of the object clearly and the other eye sees more of its left side clearly, 
1t produces three-dimensional effect. [Also, secing the same object 
with both eyes at once enables us to judge more accurately its dis- 
tance than if we see it with only one eye.] 


[Note : Wonderful as our sight 


A is, the brain does sometimes 
eceive us about what we see. -If we re 


ceive a blow on the ey e, our 


*Ccmpound microscope is so called i i 
1d micro as the magnification occurs in two 
slages, orce by the objective lens and the second time by the eye-piece. 
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brain tells us that we “sze stars”. The blow stimulates the seasory 


nerve cells and so produces a picture of so nethiag that is not actually 
there. ] 


82. Why do light areas always seem bigger than dark areas of 
equal size ? 

Ans. This is on account of imperfection of our eye whose 
refrangible media do not caste on tne retina that shacply-etched 
outlins which one gets on the ground glass screen of a well-focussed 
camra. Owing to spherical aberration, every light patch! has a 
light fringe which enlarges the retinal image. 


[Note : Similarly answer the following : 


(i) Why do you appear slimmer in dark dress than in clothes of 
light tones ? 


(ii) Why does a crescent moon seem part of a circle the diameter 
of which is larger than that of moon’s dirk portion ? 


(iii) Why does a rising or a setting sun seem to make a depression 
in the horizon ?] 


83. When you turn round quickly several times and then suddenly 
stop, you feel giddy. Why ? 


Ans. You feel giddy and your muscles seem to be urging you 
to fall down because the liquid in the canals continues to rotate after 
you stop, and thus a confused message suggesting that you are stil} 
turning is sent to your brain and from there to your muscles. . 


[Note : Repeat the above experiment but immediately on 
ceasing to turn, quickly jerk your head in the opposite direction. 
This will help to restore your sense of balance.] 


84. When a table fun is runing at a high speed, to'a person 
looking at its revolving blades, it appears that a solid disc isj revolving 
instead of the blades. Why ? 


Ans. This is due to the persistence” of vision.’: When an. 
impression is formed on the retina, the sensation persists for some 
time, nearly 1/10 of a second, even after the object is removed. If the 
individual impressions fall on our retina in a tirne less than 1/10 of a 
second the object could not be identified by the eye separately, as in 
the case of revolving blades of an electric fan. When the speed is 
slowed down, the blades could easily be distinguished. 


[Note : Even through revolving blades, we can see the objects 
on the other side, though dimmer but without flicker, Same con- 
sideration applies when two express trains pass from opposite directions 
and à passenger can see the landscape through the other train.| 


*A spectrum of white light is obtained on a screen whic! 
to-and-fro along the line of colours of spectrum. Due to persistence of vision, 
the eye sees a white band on the screea fringed with red at one end and violet 

, at the other since no other colours reach the two ends. 


h is rapidly swung 
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85. When a wheel is in motion, the upper spokes often seem to 
merge while the lower ones are distinct. Why is it so ? 


Ans. When a wheel is rolling, it is turning, at every moment, 
about its point of contact with the earth. Therefore the linear veloci- 
ties of its upper spokes are greater than those of its lower ones which 
are placed nearer the point which is stationary at any given moment. 


86. Why is it that when a car is moving forward on a cinema- 
screen, the wheels often appear to be turning backwards ? 


Ans. This phenomenon is to be observed if the speed of 
change of frames in the film is very slightly greater than the speed of 
revolution of the car-wheels. Then in the time taken for one frame 
to succeed another, the wheels have time to perform rather less than 
one revolution. To the eye, during this interval of change of a frame, 
the wheels appear to be turning backwards by the amount by which 
they lack one revolution. 

If the wheel has time to perform one full revolution during each 
change of frame, the wheel will seem to stay still. 

87. Why do we see better when we get used to the dark ? 


x Ans. It is because the pupil of the eye dilates and allows more 
light rays to pass through the aperture. Thus we see more distinctly. 
[Note : It is on account of the power of considerable enlarge- 
ment of the pupils of their eyes that cats, owls, etc. can see in almost 
complete darkness.] 
88. Why does everything appear dark after staring at the sun ? 


_ Ans. Itis because the pupil of the eye is so contracted by 
looking at the sun that it is too small to collect sufficient light rays 
from objects to distinguish their colours. Due to high intensity of 
light received by the retina, its optic nerves get tired and become 
insensitive to a comparatively much smaller intensity of light getting 
from other objects. 


89. Why, after looking steadily at a brightly coloured lamp, should 
a similar image of another colour be perceived when the eyes are quickly 
turned to a white surface ? 


Ans. It is because the nerves of the eye have been so strongly 
exercised in perceiving a very bright colour that their sensibility is 
so diminished that the perfect balance of action necessary to the 
sensation of white no longer exists. But those elements of sensation, 
which have not been so weakened, overpower the others, with the 


result that the after-image is seen as a complementary colour to the 
Original. 


0 OF what shape should be the front surface of the cornea of an 
im Armary animal which could see distant objects equally well in the air 
and under water without any supplementary accommodation ? 


Re nar the eye’s focal length to remain the same, both in the 
under water, there must be no refraction of rays proceeding 


—— 
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from distant objects (i.e. parallel rays) on the front surface of the 
cornea. Therefore this surface must be flat. 
` O91. Why has Nature endowed man with two eyes when one eye 
is sufficient to form image of any object ? 
Ans. It is on account of following advantages : 


(1) Field of vision increases : With one eye we see less area 
(about 135° range) and with two eyes we see more area (180° range) 
at a time. 


(2) Correct judgement* of distances : That is way it is difficult to 
thread a needle with only one eye open. 


(3) D'hree-dimensional (or 3-D) effect: The left eye sees more 
of the right side of the object and the right eye more of the left side. 
‘Thus two images of the same object are formed which intermix at the 
retina and produce the effect of solidity. 


92. Why is a binocular a better aid than an ordinary telescope ? 
Ans. See 3 advantages given in Q. 91 above. 
93. Why are Galilean telescopes used in binoculars ? 


Aas. For the same magnifying power: (i) the tube length of 
an ordinary (or astronomical) telescope is (F+f) and the final image 
is inverted ; (ii) the tube-length of an ordinary terrestrial telescope is 
(F+-f+4f') and the final image is erect, where f’ is the focal length 
of the third convex lens placed between its objective and eyepiece, 
(iii) for final erect image, the tube-length of a Galilean Telescope is 
(F—f). Since (F—f) can be made as small as one likes, therefore 
Galliean telescope’s tube can be easily managed. 

94. What is the significance of two numbers gensrally stamped 
on a pair of binoculars ? 


Ans. The first of the two numbers indicates the magnification 
and the second gives the diameter of the objective lens in millimetres. 

[Thus 8x25 indicates a magnification of 8 and 25 mm as 
diameter of the objective lens. This system of describing binoculars 
was, introduced between the two World Wars.] 

95. In what way do 3-D films work ? 

Ans. Suppose a photograph is printed in red, and not quite 
over the top of it the same photograph was printed again in green. 
When the viewer looks through the pair of red and green glasses, the 
eye looking through the red glass cannot see the red lines, and the 
green lines looked black, soa black picture was focussed onto the 
retina. The eye looking through the green glass cannot see the 
green lines and the red lines look black, so a slightly different black 
picture is focussed onto the retina of the other eye. The brain then 
blends these two pictures to make a solid 3-D picture since the scene 
is given a depth also. 


*A one-eyed person often pours tea behind or in front of the cup. 
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[Note. (é) Different lighting of different parts of objects enables 
us to perceive the shape of solid objects. (ii) Strain we feel when 
accomodating our eye to get a clear perception of the different 
distances of an object’s differenr Paris also plays a role in getting 3-D- 


effect. ] 
96. What is better method of sceing a photog vaph* 2 


Ans. (i) : To obtain fror 


na photograph the same visual im- 
pression that the photogr: 


aphed object produces, we must 
(i) look at the Photograph with one eye only, and 
(ti) hold it at the proper distance awa 
photograph from the saine angle of visi 
lens reproduced the image on the grour 


y so that you look at the: 
on trom which the camera- 
nd glass screen, That is 
distance of photo from eye 2 c 
distance between object and lens ~ size of object 
This gives the distance of the photograph from the eye to be 
roughly equal to the focal length of the camera-lens, 
Ans. (ii): When you look at a photograph with both eyes, 
the picture you get is flat and not 3-dimensional. But the photo-- 


graphs taken with a lens having f=70 cm. can be looked at with both 
eyes without losing the sense of de pth, 


Ans, (iii) : The lens of an or 
length. Enlarge the picture taken b; 
you can see it with both eyes from 


size of photo 


dinary camera is of 15 cm. focal 
y this camera 4 or 5 fold and then, 
60 to 75 cm. away. 


97. Which is the best seat in a cinema hall ? 


Ans. The effect of relief is best when we look at the picture 
from the same angle of vision as the movie camera ‘looked’ when it 
was shooting the film. Therefore 


(i) choose a seat right opposite the middle of screen ; and 


Ge distance of seat from screen focal length of camera lens A 
ii = 


screen width ~ film width 


98. In sun glasses, both the surf ices of the glasses used are curved 
yet they do not behave like a convex or concave lens. Why and how ? 


Ans. In sun-glasses, the outer surface is convex and the inner 
surface is concave. Hence they possess powers of Opposite signs. By. 
making these surfaces of equal powers, the effective power of the 
combination becomes zero, Hence these glasses behave likc a thin 
glass sheet Possessing no converging or diverging power. ; 

99. State the principles made use of, in the case of the following : 

(2) Projection lantern; (b) Cinematograph ; (e) Photographic 
camera ; (d) Magnifying glass 3 (e) Prism-binoculars ; (f) Stereo- 
scope. 


"Similarly answer “How to look at a painting” ? 
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Ans. (a) : When an object is placed between f'and 2f of a con- 
vex lens, its real, inverted and ealarged image is formed beyond 2f. 

(b) : Persistence of vision. h 

(c) : When an object is placed beyond 2fof a convex lens, its 
real, inverted and diminished image is obtained between fand 2f. 

(a) : A virtual, erect and enlarged image is obtained of an 
object which is placed within the focus of a convex lens. 


(e) : Isosceles right-angled prisms produce total. internal reflec- 
tion. 


(£) : Three-dimensional motion pictures have been devised with 
binocular vision and stereoscopic photography. 


[Note : (i) If two photographs of the same object are taken. 
simultancously by two cameras, whose lenses are placed in the 
position of the two eyes of a person, a stereoscopic picture can be 
obtained in three dimensions. 


(ii) Movies’ shots from an express train spring into unusually 
clear relief just as good as the stereoscope since the foreground has 
been distinctly separated from the background and this creates the 
impression of depth.] 


100. Why does a glass slab not produce any spectrum ? 


Ans. A glass slab can be supposed to consist of two similar 
prisms placed with their refracting edges vertical but turned in 
opposite directions. Thus the dispersion produced by the first prism 
is recomposed by the second prism. Evidently, we can not get any 
spectrum. 


[Note : In a reflecting prism, the incident light falls normally om 
the surface so that there is no deviation of path after-reiraction. Same 
applics to the emergent rays on the other surface. All colours 


continue to move along the same path. Hence the emergent rays. 
are not coloured. ] 


101. Why is it that dispersion is produced by refraction but not by 
reflection ? 


Ans Refraction is due to the fact that the velocity of light in 
an optically denser medium is smaller than that in a rarer medium, 
This change in velocity, on paising into anothse medium, is the 
p-imary cause of the bending of light [There is no. such bending for 
normal incidence as both angle of incidence and. angle of refraction 
are zero.] 


Moreover, lights of different colours have different velocities 
and hence ditferent retractive indices. Therefore, for the same angle 
of incidence for white light (composed of seven colours), lights of 
different colours will b> refracted along different paths, causing. 
dispersion. 
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But in reflection, there isno change of medium and hence 
‘lights of ail colours continue to move along the same path as a com- 
‘bined beam of light. Hence no dispersion. 


102. Why are the colours of various objects altered when viewed in 
«a coloured light ? 


Ans. When il‘uminated bya red light only, objects normally 
red in daylight are seen in their true colour, whilst a blue object will 
appear nearly -black because it only reflects blue and there are no 
waves of light of this colour present to be reflected. The normally 
‘blue object absorbs all the red rays emitted from a normal source of 
white light. The ‘qualities of all colours differ when seen by a 
‘coloured light for the same reason. 


103. Why do some transparent substances appear coloured when 
-seen by the transmitted light ? 


Ans. A transparent body is coloured if it is more transparent 
‘to some coloured rays than others —its colour being that which results 
from mixing the transmitted rays. No new colour is added by the 
transmission, but certain colours are more or less perfectly stopped 
ifrom passing through. 

104. Why, when looking through a piece of red glass and a piece 
‘of green glass (held.one behind the other), should one sce almost black ? 


Ans. Red glass transmits light which consists almost entirely 
of red rays while green glass transmits green rays only. Evidently 
‘the transmitted red rays of red glass are not transmitted by the green 
glass. Thus their combination stops all light passing through the 
„pair. The result is that their pair appears almost black. 


105. Red and green lights when mixed together produce yellow 
‘Light. How is this different from pure yellow ? # á y 


Ans. Pass the two yellow lights through a prism. The first 
‘one will split into red and green on a white screen placed on the 
‘other side of the prism. The pure yellow light will simply produce 
-a yellow spot on the screen. 


106. Two pieces of yellow glass look alike ; but one transmits only 
:y llow light, the other transmits a mixture of red and green. How would 
een gas a pisce of pure red glass to identify each of the yellow pieces of 
„glass ? 

Ans. Red glass transmits red rays only, yellow glass transmits 
‘yellow rays only and green glass transmits green rays only. Light after 
‘passing through the piece of pure red glass will consist of red rays 
‘only which will be completely stopped by the piece of yellow glass. 
‘Hence the combination of red and yellow glasses will appear black. 
But the red rays transmitted by the piece of pure red glass will 


partially pass through the other piece of glass and the eye will receive 
red rays. 


107. A yellow flower appears greenish when viewed in blue lig?) 
and dark when viewed in red light. Why 2? 5 
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Ans. A body has no colour of its.own. Its colour depends. 
upon the reflected or refracted (or transmitted) light by which we: 
see the body. 


A yellow flower not only transmits yellow but a little of green. 
and orange also, its neighbours in the spectrum. Similarly a blue 
glass allows not only blue but a part of indigo and green also.. So in. 
blue light, the yellow flower will appear greenish—a colour which, 
is common to both. 


The yollow flower appears dark in red light because yellow 
colour absorbs the red completely and does not reflect or transmit 
any colour. 


[Note : Avoid buying coloured clothes.at night.. A jersey with 


green and white strips will appear to have black and yellow strips in 
yellow light.] 


108. Why does a piece of paper appear white, a rose appear red and’ 
a leaf appear green in day-light ? How do you expect them to appear- 
when viewed (a) in green light, (b) in red light, (c) through green glass,. 
(d) through red glass ? 


Ans. We know that a body has got no colour of its own. Its. 
colour depends upon the reflected or transmitted light by which we 
see the body. In day-light, a piece of paper appears white* because 
it reflects all the seven colours, and a rose appears red because it 
reflects the red colour only and absorbs all other colours. Similar ly a 


leaf appears green because it reflects the green colour only and 
absorbs all other colours. 


(i) White is no particular colour but the presence of all the 
seven colours. Therefore, white paper will appear green in green light,. 
red in red light, green through green glass and red through red glass, 

(ii) Rose : It will appear red in red light or through red glass, 


and dark in light of all other colours or through glass of all other 
colours. 


(iii) Green leaf : It will appear green in green light or through. * 
green glass and dark in red light or through red glass. 


109. Why does a washerman give blueing to the clothes ? 


Ans. It is because clothes acquire a yellowish. tint after wash- 


ing with soap. But as blue is complementary to yellow, blueing. 
whitens the washed clothes. 


[Note : Similarly if a lady has a sallow (i.e. pale-brown) or 
yellowish complexion, she should add a little blue colour to her 
face powder to neutralize the yellow tint. Some ladies add blueing 
to hair ] 


*Remember for your own safety : When you are crossing roads on a dark 
night, it is wise to wear something white that will reflect all the light there is. The. 
motorist will then be able to see you more clearly. 
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110. Smoke scatlers light towards our eyes even though the light 
was originally travelling in such a direction that it would not reach us. 
Then why dors a dense clovd of smoke overhead oppear dork, rather than 
light 2 

Ans. Whether something appears light or dark depends both 
on the source of illumination and on the background against which 
the object is seen. In reflected light, the smoke appears bright 
against a dark background. The same smoke, however, absorbs 
some of the Jight hitting it. If smoke is illuminated from behind, 
it will then absorb some of the light and appear darker’ than its back 
ground. i : 

Lil. Why are stars visible during the night and not during the 
day ? 2 
Ans. During the daytime we do not see the stars because of the 
atmosphere around the earth. The atmosphere breaks up and scaiters 
the light into a blanket of extreme brightness through which we can 
not see the distant faint stars. This brilliant blanket is removed during 
the night, hence the stars become visible. 


112. If there were no atmosphere around the earth, and if life wore 
still possible, what would be the colour of the sky ? Would you be able 
to see the stars then ? > 


Ans. If there were no atmosphere on the earth, the colour of 
the sky will be pitch black and the stars will be visible even in day 
time. 


113. Why does a coloured glass, when powdered, look white ? 


Ans. A body appears white when it reflects all the seven colours 
and black when it absorbs all the colours incident on it and does not 
reflect or transmit any colour, 


Tiny particles of finely powdered glass cannot absorb the inci- 
dent light but reflect it irregularly in all directions (also known as 
scattering). Hence, irrespective of the colour of the powder, it ap- 
pears white in sunlight from all directions. 


114. Why are sunrises and sunsets often reddish in colour ? 

Ans. At the sunset or sunrise, when the sun is near the hori- 
zon, the rays have to travel and pass through greater depth of at- 
mosphere than when the sun is over the head at noon. Asa result, 
the enormous numbers of minute particles of dust, water vapour and 
air try to scatter or irregularly reflect the incident white light. But 
a particle cannot reflect a wavelength greater than its own size. Thus 
the shorter wavelength colours- blue and violet get scattered while 
longer wavelength of sed colour passes through the atmosphere and 
reaches our eyes. Hence a beautiful reddish colour is seen at the 
sunset or sunrise, 

[Note : There is little air or dust high in space to scatter the 
blue light, so the sky. has no colour and is black. This has been 
verified by the astronauts flying in space.] 
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_ AIS. Why is the sky blue ? 


Ans. It is because in the sun’s light, blue and violet waves are 

-of smaller wavelengths and are easily scattered by the‘air and by dust 

“particles of the atmosphere, while red waves of larger wavelength can 

casily pass through these particles. This is why thereis a spreading 
of blue light and the blue appearance of sky. : 


116. How does a landscape painter put distance into his pictures ? 


Ans. Most of the dust remains in the lower, denser part of the 
‘atmosphere, and that is what makes the distant view look bluer or 
greyer than the foreground. Thus a landscape painter can put 
distance into his. pictures by toning down the background with soft 
greys and blues. 

117. Why does a deep sea look blue ? 


Ans. The blue colour of the deep sea is partly due to reflection 
of the sky and partly due to scattering of light by water molecules. 
These particles scatter the shorter wavelength colours~ blue and 
violet which reach our eyes while the longer wavelength colours 
pass through. 


118. Why is blue glass used in “day -light” bulbs ? 


Ans. In day-light or white light, the three Primary colours 
(red, green and bluc) are equally strong and present in almost equal 


119. Why should our face and hands assume such a ghastly look 
when seen illuminated by sodium light 2 


Ans. Because this illumination is a monochromatic yellow and 
all objects so illuminated appear of a uniform colour (that of the lamp 
light itself ) —differing only in brightness or darkness. And moreover 
those colours which contain no yellow when seen by daylight are 
changed to black (and shades of grey) in the absence of any reflected 
colour. The human countenance, being Fractically devoid of 


yellow, refuses to reflect yellow and thus appears black (or grey 
shaded). 


[Note : Blue is a cold colour ; therefore ‘it is undesirable to use 
blue wall-papcr, a blue rug, or blue draperies in winter in a room 
that has a northern exposure. In such a case, yellow or buff colour 
is preferred.] 


120. If you look at a luminous advertisement (e.g. at a neon sign), 
the red letters always seem to stick out in front of the blue or green ones. 
How does this happen ? 
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Ans. The focal length of the eye, as of any lers, is different 
for different wavelengths*, i.e. for diff- 
erent colours of the spectrum (Fig- 
3-18). Red rays are refracted less 
violently (due to less refrangibility) 
and therefore the visual impression is 
caused that red objects. are nearer to- 
the observer than blue or green or any 
other colour ones. 


[Note: Similarly in a colour 
painting, red parts stand out.] 

121. Why are the signal lights, indicating danger, red ? 

Ans. According to Helmholtz’s Theory of Colour Vision, there 
are three nerve-endings or cones in the retina which enable us to 
appreciate colours. Each cone responds to one particular primary 
colour—red, green or blue. 

If all these cones are equally excited, then the sensation of 
white is produced. When light from any other colour falls on the 
eye, these cones react to different extents and we see that colour. If 
one set of nerve-cones be absent or inactive, the person is blind for 
that colour. Occasionally the green or the blue nerve-cones do not 


function but the red cones continue to function. This is one reason 
why signal lights are red. 


Fig. 3-18 


Moreover, on account of longer wavelength, red colour cam 
penetrate through fog, mist and haze. 


Thirdly, red colour is brighter than green or blue, and hence is. 
more easily visible at great distances. 


Fourth reason may be the psychological one ; blood is also red. 


[Note ; Fatigue colour is always that colour which, together 
with the original colour, makes up white.] 


122. How are colours projected in our colour film? 


Ans. This is done under two systems : (a) Additive, (b) Sub- 
tractive. In the first system additional lenses are put in front of the 
camera and the projector while in the second system proper colours 
are put on the film band itself later on 


In the technicolour camera, the beam of light is split up by a 
half transparent gold prism and these film-bands are exposed simul 
taneously—one records the blue element of the light beam, second 
the green and third the red. The three negatives are combined by 
a series of laboratory processes onto a single film containing 4 
colours, ready for projection on the screen. 


123. How are colours obtained in colour photography ? 


J *Wave-length of light and atomic distances are measured in the Angstrom 
a (=10-8 cm.) while the nuclear distances are expressed in fermi unit (=10 
cm). 


SHORT-ANSWER QUESTIONS (LIGHT) 225 


Ans. It is also based on the “additive” and “subtractive” sys- 
tems like the colour film. 


In the additive system, three negatives are exposed through 
filters in the three primary colours (i.e green, blue and red) ora 
mosaic of tiny filters in these colours asa part of the emulsion of 
a single film or plate. The negative is developed into the positive 
which can be viewed by holding it against a light or projected onto 
a screen. 


124. Why are the colours of a secondary rainbow—often seen out- 
side the first always in reverse order ? 


Ans. It is because in the inner (or primary) rainbow we see 
(standing back to the sun) the spectrum of the sun’s rays which enter 
the top of each rain drop and are refracted from the bottom. But in 
the outer (or secondary) rainbow we see the sunlight which enters 
the bottom of the raindrops and is refracted from the top after two 
reflections inside the drops. The second reflection is responsible for 
the reverse order of colours. 


[Note : (i) Here it is simple reflection and not total internal 
reflection, otherwise the light will not c»me out at all, 


(ii) Moreover, on account of absorption of light on each reflec- 
tion, the secondary rainbow is not so bright as the primary rainbow. 

(iii) The region between the two rainbows is quite dark since 
the light rays suffer refraction on second (for primary rainbow) or 
third (for secondary rainbow) encounter with the inner surface of 
water drop and do not reach our eye.] 


125. It is said that sun contains many of the elements found on 
earth. How has this been determined ? 


Ans. This has been found from the analysis of the well-known 
Fraunhoffer lines in the solar spectrum. 


If analysis of the solar spectrum is made with the help of a spec- 
troscope, one would observe a large number of strong and weak lines. 
These lines are the Fraunhoffer lines. These lines, in the colour band 
of the spectrum, represent the different materials in the object pro- 
ducing the light. It has been observed by scientists that any body 
making similar experiments can observe that each material on this 
earth has its own Fraunhoffer lines. These same lines are also ob- 
served in the solar spectrum. This clearly shows that the sun and 
stars are made of similar materials and substances as are found on 
our earth [but stars are surrounded by vapours containing the same 
substances but at a lower temp. than for the sun]. 


126. How is it possible with the help of a spectroscope to dis- 
tingwish between the incandescent solid particles and a glowing vapour ? 


Ans. The kind of light emitted by incandescent objects depends 
largely upon the chemical nature of the substances and partly upon 
its physical state. In general, the spectrum of a glowing vapour 
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shows bright lines ón a dark ground, whereas the spectrum of an in- 
candescent mass of solid particles—however small—consists of a 
continuous band of colours. 


127. Why does a thin oil film appear coloured ? 


Ans. This is due to interference of light reflected from thin 
films. When light is incident upon a thin film, a part of it is reflected 
from the upper surface while the rest gets refracted. This refracted 
light again gets reflected from the lower surface and then gets refracted 
from the upper surface. These two reflected rays differ in the lengths 
of their paths. If these lengths differ by half a wavelength, these 
reflected rays destroy each other and produce a dark band. On the 
other hand, if these lengths differ by full wavelength, these reflected 
rays help each other and produce a bright band of colour of the inci- 
dent light. Thus we get alternate bright and dark bands of colours. 


When white light falls on a thin film, on refraction white light 
breaks up into seven colours and hence we shall see a bright 
band of seven colours and then a dark band and these will continue 
to occur alternately. 


128. Why can you not see interference fringes with two separate 
electric lamps ? 


Ans. An essential condition for observing interference of light is 
that the light waves coming from two sources must be in the same 
phase or have a constant phase difference, i.e. the two sources must be 
coherent. This is not possible with two separate electric lamps since 
they will be in one phase atone moment but get out of plase inno 
time. The easiest way of getting two coherent sources of light is to 
make one source the image of the other. 


129. How can the two parallel beams of infra-red and ultra-violet 
radiations be separated ? 


Ans. Allow the two beams to pass through a quartz prism. 
The two radiations would deviate differently—the ultra-violet deviat- 
ing more towards the base of the prism. 


[Note : By using a rock-salt prism, only infra-red radiations 
will be obtained as it absorbs ultra-violet radiations.] 


130. Can polarised light be distinguished from common light by 
the naked eye ? 


‘Ans. No. For all purposes of experiment in polarised light, 
two pieces of apparatus must be used —one to produce polarisation 
and another to show it. These are called a polariser and an analyser 
respectively, and are interchangeable in use. 

131. What is your idea about the speed of light of different colours 
in vacuum ? 


Ans. The speed of light of various colours in vacuum is 
the same (within the resolving time of the eye). This conclusion is 
supported by the observation that an explosion of a star in the heaven 
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(producing what is known as a super nova) appears as white light and 
not sequences of coloured flashes. The stars are so far away that the 
light irom them takes many many years to reach us. An explosion 
that we observe must have occurred a long time ago and the light 
has been travelling towards us ever since. We see.the explosion as a 
bright white light, not a series of different colours arriving at different 
times. 


1. Cathetometer measures verticalness i.e. the state of being 
vertical. 

Chromometer measures brightness of colours. 

Collimator renders the rays parallel. 

Liluminance is another name for intensity of illumination. 
Lug is the commercial name for a metre-candle. 

Magic eye is another name for a photo-electric cell. 

Phot is the commecial name for a cm. candle. 

Photon is the name of light-particles christened by Newton, 
Refractometer measures the refractive index of a medium. 


Stereoscope is the device to give to the eye the appearance of 
depth for photographic pictures. 
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Part 1V—Sound 


Concise Sound 


1, Production and Propagation : Sound is a form of energy 
and travels as a wave motion which arises from the periodic vibrations 
ofa body. It requiresa material medium for its propagation. The 
medium must be continuous and elastic. [Deaf children listen to 
music by resting their hands upon the frame of a piano so that the 
bones can c-nduct the sound-waves to the ear]. 


For the production of sound, the frequency of vibrations must 
be within the limits of audibility, e.g. 
20 vibrations/sec. ...(lowest limit) 
20,000 vibrations/sec. ...(highest limit) 


Animals and insects have the sensitivity over a wider range of 
frequencies. 


2. Wave Motion : It is a kind of disturbance which propagates in 
a medium and is due to the repeated periodic vibrations of the parti- 
cles of the medium about their mean positions, the motion being 
handed over from one particle to the next. 


In a longitudinal wave, the particles of the medium vibrate for- 
ward and backwards (or to-and-fro) along the line of propagation of 
the wave, whereas in a transverse wave, they vibrate in a direction at 
right angle to the direction of the propagation of the wave. Due to 
absence of cohesion or elasticity of shape, transverse waves cannot be 
maintained in gases. 


3. Properties of Sound Waves : 


(i) Sound waves travel with a finite velocity. 


(ë) The distance between the two nearest points on the wave 
vibrating in the same phase is called wavelength. 


5 (iii) The number of complete vibrations executed in one second 
is called the frequency of the vibration. i 


(iv) Velocity of sound=Frequency x Wavelength 
or V=n.A 


(v) Sound waves can be reflected (and give rise to echoes) and 


obey the laws of reflection as light does. Sound waves can also be 
refracted. 
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4. Velocity (V) of Sound : 


(a) r=, |Z (Newton’s formula for solids, liquids and gases). 
v= |2 ~m ’s wrong formula fi 
= a (Newton’s wrong formula for gases only). 


v= |22 (Laplace’s corrected formula for gases only). 


=332 metres/second at 0°C in dry air 


where Æ is the elasticity of the medium, p is its density, P is the 
pressure of gas and y is the ratio of two sp. heats of the gas. 
(b) The velocity of sound in a gas 
(i) is directly proportional to the square root of its absolute 
temp. 
(ii) is independent of the pressure of gas ; 
(iii) increases with the amount of moisture in the atmosphere 5 


(iv) is inversely proportional to the square root of its density 
(i.e. in lighter gases, sound travels faster). 


5. Beats: When two sources of almost the same frequency are 
sounded together, the resulting sound fluctuates in loudness. The 
number of fluctuations or beats per second is equal to the difference 
in frequencies of the two sources. 


6. Stationary and Progressive Waves: Stationary waves are 
said to be produced when two wave-trains of same frequency travel 
through a medium, along the same line but in the opposite directions. 
In these waves, in either direction, there is no flow of energy. These 
waves are so called, because there is no propagation of disturbance or 
energy from one place to another, or the nodes and antinodes which 
occur in them are fixed in position. Stationary waves are a form of 
interference ; for example, vibrations set up in the organ pipes and 
stretched strings. 

The waves in which all the particles of the medium execute 


S.H.M. with different phases along the direction of the waves are 
called progressive waves. 


7. Characteristics of Musical Sounds : 


(a) Pitch : By means of which we can distinguish a shrill, 
sharp or acute sound from a dull, flat or grave one. The pitch ofa 
musical note depends upon its frepuency~ the greater the frequency, 
the higher the pitch. 


Pitch is a subjective measurement and is therefore a sensory mag- 
nitude depending upon the individual, while frequency is a physical 
measurement of the number of vibrations per second. 


230 SHORT ANSWERS AND OBJECTIVE TYPE QUESTIONS IN PHYSICS 


In ordinary whistling, the pitch is varied by changing the pres- 
sure or the size of the mouth-opening. 


(b) Loudness cr Intensity : It is equal to the amount of 
sound-energy falling per second on a unit area. It is directly propor- 
tional to the square of the amplitude of vibrations but inversely 
proportional to the square of the distance. A man’s voice is louder 
but a child’s or a woman’s voice is shriller. 


(c) Quality or Timbre : By means of which we can distin- 
guish between two notes of the same pitch and loudness, but played 
ontwo different instruments. It depends upon the number and 
proportion of the harmonics present in a sound. Blind people have 
this sense very highly developed and can detect the very smallest 
differences in voices of two persons. 


The quality of the human voice is |modificd by tongue, teeth, 
lips and palate. 


8. Musical Scales and Intervals : The ratio of the frequencies of 
two notes in a musical scale is called the interval between the notes. 
When two notes are an octave apart, their frequency ratio is pares 
the higher pitched note being of greater frequency. 


9. The Doppler Effect : When a source of sound is moving to- 
wards or away from an observer, there is an apparent increase or 
decrease in the frequency (which is called the Doppler Effeet) which 
depends upon the relative velocity of the source and observer and the 
true frequency of the source. 


10. Transverse* Vibrations of a Stretched String : The frequ- 
ency (n) of the fundamental note of a stretched string is expressed as 


Gen a (ii) noc YF (iti) n =f T 
Combining the above we have, 


=y Z glug} 18 
aN m ED Niesscig 


where l=resonant length ; D=diameter of wire ; 
F=stretching force ; p=density of wire ; 


` m=mass per unit length of wire. 


à *In stre-ched strings, transverse and Slaticrary waves are 
while the waves produced in the surrounding air are lon; 
Transverse waves cannot change into longitudinal ores. 
is communicated from the sonometer wire to the air throu 
and the box. And in air, 


produced 
gitudinal and progressive, 
Only the sound energy 


LENE gh the wooden bridges 
only the longitudinal waves are possible. 
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11. Modes of Vibration of a String: A string which vibrates 

in one loop or segment has 

two places N,N’ of no vibra- (q) peA N 4 

tion at the ends (called = 

modes), an antinode Be or E 
ace of maximum vibration < a a ae a 

Bebetween them, and gives (0) NL TASE TTA N 

out its fundamental tone or 

note (Fig. 4-l-a). If there zs Nn” 

are three nodes, two anti- 

nodes and two segments y 

(Fig. 4-l-b), the string Fig. 4-1 

sounds the first overtone* or second harmonic whose frequency is 

twice that of the fundamental tone. And so on. 


12. Resonance : All bodies have a natural frequency of free vibra- 
tions. If they are made to vibrate at any other frequency, they 
are said to execute forced vibrations. If the free vibrations of one 
body “P” are maintained by the vibrations of another body “K”? of 
the same frequency, then the vibrations of P are resonant vibrations 
and the bodies are said to be in RESONANCE. 

“The resonance is a particular case of forced vibrations where 
the frequency of the driver becomes equal to the frequency of the 
driven”, Sound heard at the resonance position is maximum þe- 
cause all the particles are vibrating with their maximum amplitude 
and natural frequency. 


13. Resonance of Air-Columns : A column of air in a tube closed 
at one end, can be excited and can be set 
into resonant vibrations by a suitable 
source of sound. The air being in contact 
with water is nut dry. There are longi- 
tudinal stationary waves formed inside 
the reasonance column and longitudinal 
progressive waves outside it. The reso- 
nant frequency is determined by the 
length of the column of air. 

If D be the internal diameter of 
the resonance tube, n the frequency of 
the tuning fork used and 1, the first reson- 
ance length (Fig. 4-2-6), then the velocity 
of sound in air at the room temp. is 

V=4n(1,+-0'3 D) 
where 0°3 D is the end-correction applied 
to the length of air-column. Ifl, be the 
second resonance length (Fig. 4 2-c), then 


V=2n (lp—h) 


(a) (b)(e) and coran a AE SN 
Fig. 4-2 2 


*Fractional multiples of a fundamental tone are also called overtones. 
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Note : (i) These curves (Fig. 4-2-b, c) are the displacement 
curves for the various layers of air in the tube. The actual displace- 


ments are along the tube and not at right angles as shown in this 
figure. 


(ii) Inside the tube we have stationary plane waves and outside 
Progressive spherical waves. 


(tii) Pitch rises as water is poured into a tall cylinder because 


the cylinder causes resonance with shorter and shorter air-columns. 


(iv) Sonometer method is better than Resonance method for finding 
the frequency of a tuning fork, because in sonometer the resonance 
is sharp and a small change in length begins to produce beats. This 
is not so in the case of resonance air-column, 


14. Organ Pipes: Every pipe will have its one end open since 


air is to be blown in it if the pipe has to produce sound. It is called 
an open-end pipe when its other end remains open. Evidently it will 
be called a close-end pipe if its other end is kept closed. 


(a) Open-end Pipe : If its length be? and velocity of sound 
in air be V, then the frequency (n) of its fundamental note is 
n=V/2.1 


and the frequencies of fundamental note and harmonics will be in 
the ratio of 1: 2:3:4;: 


(b) Close-end Pipe : Keeping other things same as above, 
n=V/4.1 


and the frequencies of its fundamental note and harmonics will be 
sores, 


in the ratio of 1:3:5 


Snoring is the result of the air playing a tune on an organ pipe 
that was not meant to make music. 


—__ 


Objective Type Questions 


CHAPTER XXVIII 
WAVE MOTION AND VELOCITY OF SOUND 


I. Complete the following sentences with suitable words 
or phrases : 

(1) Sound is a kind of......motion. 

(2) Wave motions are...... and...... 

(ENERE waves constitute the sound in gases. 

(4) Water waves are...... waves. 


(5) Sound ..... travel in vacuum and requires ~...for its propa- 
gation and . . of the medium executes $.H.M. 


(6) When a body executes a S.H.M., its acceleration is,.....Pro™ 
portional to its displacement. 


(7) VEn Xess. S Or A= X. 3 OrnX......=1. 
(8) In the case of S.H.M. 


(a) The time period tony) = 


(b) The acceleration oC... 
(c) ... ..wave graph is obtained. 
(9) A......produces sound. 


(10) Longitudinal waves are produced in...... while the transverse 
waves are produced in...... 


(11) In the...waves, the displacement of the particles takes place 
in the direction of the wave-motion while in the -Waves, it takes 
place at right angles to the direction of the wave-motion. 


TD) cast and.....- are set up in the longitudinal waves while...... 
tale MOO are set up in the transverse waves. 


(13) According to Newton, compressions and rarefactions occur 
under the...... condition while the same happens under the......condi- 


tion according to Laplace. "iat 
(14) Vi=Vot eevee X t metres/sec. for velocity of sound in air. 


(15) The use of several listening devices to locate hidden guns is 
called ...... 
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H. Select the correct answers from the clues provided 
against each statement below : 
(1) Sound waves through gases are...... waves. 
[electromagnetic, longitudinal, transverse] 


(2) OF the following properties of a wave, the one that is inde- 
pendent of the others is its...... 


(a) amplitude, (b) velocity, (c) wavelength, (d) frequency. 
(3) Velocity of wave motion is...... the velocity of the particles 
of the medium. [the same as, quite different from] 


(4) The distance between the two nearest Particles in the same 
phase on a wave is called...... [frequency, wavelength, displacement] 


(5) The sound waves move .....in solids and liquids than in 
gases and moves...... in air than in carbon dioxide. [faster, slower] 


(6) Speed of sound is greatest in...... [vacuum, air, water, solids] 
(7) In a metal bar, the sound waves that propagate...... 
(a) are always longitudinal. (b) are always transverse. 
(c) are always torsional. 
(d) can be either longitudinal or transverse. 
(8) Sound travels in rocks in the form of. 
(a) longitudinal elastic waves only, 
(6) transverse elastic waves only. 


(c) both longitudinal and transverse clastic waves. 
(9) Transverse waves can propagate 
(a) both in a gas and a metal. 
(b) in a gas but not in a metal. 
(c) not in a gas but in a metal. 
(d) neither in a gas nor in a metal. 


(10) Velocity of sound is......the loudness of sound and the, 
pressure, [dependent upon, independent of] 

(11) Velocity of sound...... with the rise of the temperature. It 
ISe. in the moist air than that in the dry air. 


[decreases, increases, greater, smaller] 
(12) A man at the top of a ladder hearsa man on the ground 
Re. than the man on the ground can hear him. [worse, bette 1] 
(13) Change in pressure......the velocity of sound in gases. 
[changes, does not change] 
(14) Velocity of sound is 4 times greater in......than in...... 
[oxygen, hydrogen, nitrogen) 
(15) Liquids conduct sounds...... readily than gases. [less, more] 


ED Onis. 2 vib/sec. is the range of audibility for the human 
ear. [20 to 20,000 ; 20 to 40,0004 
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(17) The persistence of hearing for a normal ear is not for more 


than ...ofa second. [1/10,1/20]’ 
(18) Sounds of high pitch travel at...... speed than sounds of low 
pitch. [same, higher, lower] 
(19) Porous solids are .....transmitters of sound. [poor, good] 


Ill. Find out the correct statements out of the 
following : 

(1) Sound waves can bend round the corners. j 

(2) Frequency is the number of waves produced in one second.. 

(3) Amplitude is the maximnm displacement from the mean 
positio g. 

(4) At any instant, the distance from the mean position of 
vibration is called the displacement. 


(5) Frequency is independent of the amplitude so long as the 
latter is not too large. 


(6) Phase is the angle made by a vibrating particle on passing 
through its mean position. 


(7) Greater is the elasticity for the solids, more will be the 
velocity of sound in solids. 


(8) Newton modified the Laplace formula for the velocity of 
sound in gases. 


(9) The distance covered by one crest and one trough on a. 
wave equals its wavelength. 


(10) The time at which an explosion occurs can often be ascer~ 
tained by looking at the trace of a barograph. 


CHAPTER XXIX 
MUSICAL SOUND 


I. Complete the following sentences with suitable 
words or phrases : 


SOCA (8) i paeteeaee (6) eas are the characteristics of a 
musical note. 
(2) Intensity or loudness of a musical note depends on 


(3) Pitch of a musical note depends upon the...... of the source 
of sound. 


(4° Quality of a musical note depends upon...... 
(5) The voice of a woman has a greater...... 


(v) Pleasing effect on the ear is produced by... .. while in the 
... . there is a sudden rise or fall in the amplitude. 


(7) Musical sound is of......while a sharp sound has a...... 
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(8) The frequency of the tuning fork...... when its prong is 
doaded or filled with wax and...... when it is filed. 
(S) If the handle of a vibrating tuning fork is made to touch 
the top of a table, there is...... in the volume of sound produced. 
(10) The octave is...... of the frequency of the fundamental note, 
while the harmonics are its...... 
(11) Sweeter sounds possess..... overtones, 
(12) One...... and one...... form one beat while the...... of two 
frequencies. gives the...... of beats per second, 


(13) Beats can be heard when the difference in frequencies is not 
more than...... 


II. Select the correct answers from the clues provided 
against each statement given below : 


(1) The voice ofa lion is different from that of a mosquito 
‘because... 


(a) the two animals have different sizes, 
(b) the two voices travel with different velocities. 


(3) When a pleasing effect is produced on the ear by sounding 
two notes together, they are called to be... .while the displeasing 
Bees [in discord, in concord] 

(4) Pleasing effect produced by sounding two notes together is 
ealled...... while...... occurs when the notes are sounded one after the 
‘other. {melody, harmony] 

(5) When the number of beats per second reaches 30, a...... is 
produced. [pleasing harmony, discord] 

(6) Ona diatonic scale, when Sa=24, the other notes are... .. 

(a) 27, 30, 32, 36, 40, 45, 48; (b) 27, 28, 29, 30, 31, 32 3 
(c) 27, 29, 31, 33, 34. 
(7) Gramophone was discovered Diris 
[Coulomb, Grahm Bell, Edison] 


, (8) On a diatonic scale, the major tone, the minor tone and the 
somi-tone are 


i; 9 10 16 9 10 15 
Dea? ae gs OS ae 


_ (9) The holes in the disc and the top of the wind box of a siren 
are in the....., ‘but...directions, 


[vertical, slanting, same, opposite, zigzag] 
(10) Greater is the density of the medium,...... is the sound. 


[fainter, louder] * 


a 
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(11) Opening the holes of a clarinet...... the pitch. 
‘ [raises, lowers], 

(12) Sounds of .....pitch travel at the same velocity. 
[same, different], 
(13) The ratio between the frequencies of two musical notes is 
termed as...... [interval, octave, fundamental], 


III. Classify the following into musical sounds and 
noises : 


(1) Roar of a lion ; (2) Sound of thunder ; 
(3) Humming of bees ; (4) Chirping of birds ; 
(5) Ticks of a clock ; 

(6) Report of (the firing of ) a gun ; 

(7) Sound produced by a tuning fork or harmonium ; 
(8) Pattering of rain drops on the window or tin sheds. 


CHAPTER XXX 


REFLECTION OF SOUND 


I. Complete the following sentences with suitable 
words or phrases : 


(1)The vibrations ALE.ee..- vibrations when a body vibrates with 
its natural time-period, otherwise the vibrations are...... vibrations. 
when a body vibrates under the influence of an external force. 

(2) ...of sound results in the formation of echoes. 

(3) At a denser medium, the reflection of sound waves takes 
place...... the change while at the rarer medium, it is ..... the change 
of type or nature of the waves. é 

(4) The least distance between the listener and the echoing 
surface must be and for a mono-syllabic echo... 

(5) A speaker is heard... ..in the room of a house than in the 
open air. 

(6) ...is a particular case of forced vibration. 

(7) In the Kundt’s tube, the rod vibrates... 

(8) The no. of maximum syllables a person can speak in one 
second is... 

(9) When a railway engine approaches you, the pitch of its. 
siren sounds .. 


(10) In an open organ pipe of length 7, the frequency n of its. 
fundamental tone (when F is the velocity of sound)=... 


(11) In a closed organ pipe of length l, the frequency n of its. 
fundamental note (when V is velocity of sound)=... 
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(12) In closed organ pipes, only...harmonics are heard. 
(13) In open organ pipes, only . harmonics are heard. 
II. Find out the correct statements out of the follow- 


(1) The stethoscope intensifies sound because it substitutes for 
“the drum of the ear a larger membrane. 


7 (2) One hears better at the top ofa mountain because the air 
“is rarer, 


(3) It is not possible to have an echo if the sound wave passes 
denser to a rarer medium, 


, (4) The time of reverberation ofa hall is independent of the 
-Positions of the source of sound and of the observer. 


(5) Women are better absorber of sound than men on account 
-of the nature of their dress. 


Y (6) Kundt’s tube can be used to find the velocity of sound in 
*solids, liquids and gases. 


-from a 


(7) Melde’s experiment is used for the study of the formation 
-of stationary waves. 


(8) When a body begins to vibrate under the influence of an- 
-other body, Provided their frequencies or time periods are equal, 
“resonance is said to take place. 


(9) Resonance tube is used to find the velocity of sound accu- 
rately in air. 


(10) End-correction is a correction applied because the reflec- 
tion of waves does not take place exactly at the end of the resonance 


-tube but slightly higher. 


(11) Beats are heard when there is a slight difference of fre- 
«quencies of two sounds. 


III. Match the quantities given in two columns : 


Column A Column B 
(1) Wave-length (a) 2n, 3n, 4n,..- 
(2) Increase in the velocity of sound | (b) Nn 
in air for 1°C rise of temp. (c) 0°61 metre/sec- 
(3) Overtones in an open-end pipe. veloci 
(4) Overtones in a closed-end pipe. @) Frequency 
(5) Frequency of a wire vibrating (e) n.m g 
sverstły. | 
OBE of pue by e aE 
‘ meod af ed Pee Gy Gm) J) 2l m 


(7) Determination of pitch by the | (g) 3n, 5n, 7m,- 
method of siren. 


(8) Velocity of sound in air. | (h) 4n.(1-+-0°3D)- 
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CHAPTER. XXXI 


TRANSVERSE VIBRATION OF STRINGS 
I. Complete the following statements with suitable 
words or phrases : 
(1) The vibrations of a string are... 


(2) The note which a string, vibrating as a whole, produces is 
called its...... 


(3) The points where strain is......and displacement is...... are 
called nodes, 
(4) The points where change of pressure is...... and displace- 


ment is...are called antinodes. 

(5) Between two nodes, there must be at least one... 

(6) The fixed ends of the vibrating rod are... while the free 
ends are... 

(7) With the increase in the length and diameter of the 
stretched string, its frequency... 


(8) The frequency......with the increase in the stretching force 
of a wire. 


(9) The frequency of asonometer wire will...... if the wire is 
made hollow.* 
(10) The outcomes of the Melde’s experiment are, (qa)...... O= 
(11) Instationary waves, there is no forward...... of the dis- 
turbance. s 


(12) In stationary waves, all particles . execute periodic motion 
of different but......amplitude. 


(13) In stationary waves, all particles pass through the...posi- 
tion and...displacement at the same time. 

(14) In Stationary waves, twice in one complete time-piriod, 
all particles are at rest... 


(15) The distance between one node and the nearest antinode is 
--.while between the two consecutive nodes is... 


(16) The sonometer is an instrument which is based on the laws 


E 

(17) A violinist tunes his violin by adjusting the...... ofits 
strings. 

(18) The string of a guitar producing high notes are......than 


those producing low tones. 
(19) Sound is recorded by a... 


*Mass per unit length decreases when the wire is made hollow. 


SICS 
STIONS IN PHY! 
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IL. Select the correct statements out of the following : 
w5 Overtones are produced when astretched wire is plucked 


ones are odd multiples of the 
and are any mutliples in an 
open-end pipe, 


(5) Decibel is the unit of the loudness of sound. 


(7) The note emitted by a 


Produced. 


(8) A pipe of length Z and closed at both ends will resonate 
for wave lengths =9 7/1 where V =] 9 


> & 3,...any positive integer. 
I. Name ¢ 
ing Purposes : 


vibrating wire depends upon the 


(8) To record sound 5 
(9) To reproduce sound, 


— 


Short-Answer Questions 


A. What is a. Simple Hammonis. Motion 2 
Bes. A SEAM is. a Normale, motion i a. Taie Whidh, 
repeats itself alter regular intervale ‘(eae its ‘mass perio’), Ws, 
acceleration is proportional to its displacement and is Aivectea, 


towards its mean position. It is graphically represented by a sine- 
curve. 


" j 27 
Time-period of S.H.M.= 
P -/ Acceleration Per unit displacement 

2. How does sound travel ? 

Ans. Sound travels in the form of longitudinal wave-motion 
in solids, liquids and air or gaseous media, and also in the form of 
transverse wave-motion in the case of a solid medium. The medium 
must be material, continuous and elastic, The speed varies very con- 
siderably with the medium through which sound propagates, 


3. If a gun were fired from the moon, would you hear its sound ? 


Ans. No, since there is vacuum between the earth and the 
moon. Sound does not travel through vacuum ; i 


medium of ether, which is supposed to be all-pervading (even in 


4. Why can you hear a noise in the next room even though the 
doors are tightly shut ? £ 

Ans. For its propagation, sound needs an elastic, material and 
continuous medium. The air in the two rooms and the intervening 
walls as well as the doors—all these provide elastic, materia] and con- 
tinuous media for the propagation of sound or noise from one room to 
the other even when the doors are tightly shut. 

5. How can you make a building sound-proof ? 

Ans. For this we get a hint from the fact that for 
tion, sound requires an elastic, material and continu 
Everything used in the construction of a building constit 
and material medium. Therefore, for a sound-proof 
should somehow make the medium discontinuous, 
done by constructing hollow walls and extractiug the 
Sound cannot travel through vacuum. 


[Note : This arrangement makes the building heat 


its Propaga- 
ous medium. 
utes an elastic 
building, we 
It is generally 
intervening air, 


“proof also, ] 
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6. State a few essential differences between the modes of trans- 
mission of sound and light waves. 


Ans. (i) Inair, the sound waves are longitudinal but light 
waves are transverse. 


(ii) A continuous material medium is a must for the propagation 
of sound but light waves can pass through vacuum. 


(iii) Velocity of sound in air at 0°C is about 330 m./sec. and 
sound travels faster in solids and liquids than in air while velocity 


of light in air is 3x 108 m./sec. and light travels slower in solids and 
liquids than in air. 


7. How do we hear a sound ? Is it really sound which travels ? 


Ans. Whenever we hear a sound, there must be a material, 
elastic and continuous medium pet. 
ween the source of sound and our 
ears. Generally, it is air ; and in air 
only longitudinal waves can be pro- 
duced. A body produces sound only 
when it vibrates to-and-fro between 
two extreme positions, On account 
of these vibrations, compressed and 
rarefied layers of air are alternately 
formed (Fig. 4-3). These compressions 
and rarefactions are handed over from one layer of air to the next 
and thus reach the receiving ear. Consequently, the ear-drum starts 
vibrating sometimes with greater amplitude and sometimes with less 
amplitude corresponding to whether the compressed layer is incident 


onit or it is the rarefied layer of air~and produces the original 
sound of the source inside the ear, 


Thus it is really not sound which travels from one place to an- 
other. The sound is changed into alternately compressed. and rare- 
fied layers (of air) which set the ear-drum into vibration - resulting in 
the reproduction of sound, inside the air. 


8. If you are hearing"a sound, its source must be vibrating.* Is 
the opposite also true ? 


Ans. The Opposite is not true, i.e, it is not essential that we 
must hear a sound from each and every vibrating body. For a sound 
to be audible, two things are essential : (i) the incident sound-waves 
should possess enough energy to compel the car-drum to vibrate and 
(ti) the ear-drum must be in a position to vibrate 
of the incident sound-waves. The first factor fix 
of the incident frequency which is 20 vibrations 
second factor fixes the upper limit of the incide 


with the frequency 
es the lower limit 
per second and the 
nt frequency which is 


* An electric buzzer is an eleciric bell from which the hammer and the 
gong have been removed and its armature is made very light s) as to vibrate very 
rapidly, producing a high pitched note or ‘buzz’. 
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20000 vibrations per second. Thus the audible range for a normal ear 
ïs from 20 vib./sec. to 20000 vib./sec. 

9. Which onz do you corsider to be a better instrument—ithe ear 
or the eye ? 

Ans. The eye sees only one octave (i.e. wavelengths between 
4000 —800) A.U.) whereas the ear hears several octaves (frequencies 
‘between 20 —20000). Hence the ear is a better instrument. 


10. If an observer places his ear at the end of a long steel pips, 
ha can hear two distinct sounds when a workma2r hammers on the other 
end of the pipe. Explain. 


Ans It is due to the fast that velocity of sound is different for 
‘different media, i.e. it is greater in solids than in air or gaseous 
medium. 

When a workman hammers on the pipe, the sound thus pro- 
‘duced will travel throug the air and the solid (steel pipe) media 
resp2ctively. Velocity of sound in steel is 16 times greater than that 
in air anl hence due to this time gap, the observer will hear two 
distinct sounds, 

11. Why is it possible to detect the approach of a distant train by 
placing the car upon the rails of the track ? 


Aus. We know sound travels faster in solids than in air. The 
rails, being solid metal and continuous, conduct the sound of the 
engine-wheels much more quickly and with less loss of energy than 
the surrounding air does. Hence the above experience is justified. 

[Note : (i) Since the teeth act as a solid medium, that is why 
a deaf p2rson can hear the tick-tick sound of his watch held against his 
teeth. 

(ii) For the same reason, the sound of the paddles of a steamer 
is audible through water even when the ship is at a great distance 
from the shore. 


(iii) Similarly, if one’s ears are placed under the surface of water 
ina domestic bath, it is easily possible to hear a conversation taking 
place in the room below.] 


12. While watching a cricket match, why do we see the ball strike a 
moment before wz hear the sound of the bat hitting the ball ? 


Ans. It is due to the fact that light has a far greater speed 
than sound. We see the bat striking the ball in the flash of a second ; 
but since sound travels at a much less speed than light, the sound of 
striking must be heard after some time, Hence the above abser- 
vation. 

[Note : Similarly we can answer the following questions : 

(i) Why is there a tims-lag between our observing a flish of light- 
ning anl hearing the thunder ? Measuring this time-lag and multi- 
plying it by the velocity of sound in air at that temp., we get the 
distance of clouds producing lightning. 
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(ii) When we set our watch by the sound of a distant siren, it will 
be too slow.] 


13. Why do the steps of soldiers, when marching in a long file, 
appear to be irregular ? 

Ans. Sound travels with a constant speed in air (this speed 
being 332 metres’sec, at 0°C-L0°61 metre/sec. increase for each 0°C 
rise of temp.) and hence to cover different distances it must take 
different intervals of time. Since the soldiers in a long file are at 
different distances from the observer, therefore the sounds of their 
steps reach the observer's ears in varying periods of time and not 


simultaneously. This results in a continued step and not in a sharp 
step. 


[Note : For the same reason, the persons in the rear of a long 
procession marching to music are unable to keep in step with those 
in front.] 

14. When sound travels through gases, is it under isothermal 
condition or adiabatic condition ? And why ? 


Ans. On account of absence of cohesion, a gas cannot main- 
tain transverse waves ; hence through a gas sound travels in the form 
of longitudinal waves which consist of alternately compressed and 
rarefied layers of the gaseous medium. ‘Thus 

(i) the com 
lose heat ; 


(ii) the heat produced during compression does not easily pass, 
through a bad conducting gas, over to the regions of rarefaction to 
compensate for the cooling caused there ; and 


pressed layers gain heat while the raref,ed layers 


(iii) these changes take place so rapidly th 


(on account of a great velocity of sound) for t 
one region to another, 


at there is no time 
he heat to pass from 


Hence different regions of a gas during the propagation of 
sound are at different temps. and the gaseous medium is in adiabatic 
state and not in isothermal state. 


[Note : These were Laplace’s m 


ain arguments for correctin 
Newton’s formula for the velocity of so = 


und in gases.] 
15. Sound is heard muc 
by night than by day. Why ? 


Ans. It is because night-air is more 
liable to currents caused by the heat of th 
irregular (2) reflection as w 
night. The first factor 
together for its distance. 


h more clearly and over a greater distance 


uniformly dense and less 


ut esun, Thus there is less 
ell as (ii) refraction* of sound waves at 


1s responsible for clear sound and the two 


*The higher velocity of sound Waves 


. Si in warm ai 
refracted down at night and up in the day ti r Causes sound waves to be 


ime, 


| 
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Also there is a lot of noise during the day, due to the walking 
and talking of men, animals, factories, etc. 


16. Do you think that the sound of an explosion of a bomb travels 
at the same speed as that of a mosquito’s voice ? 

Ans. Yes. All sounds whether loud or soft, in harmony or 
discord, music or noise, travel at the same speed through any given 
medium. The speed with which sound travels does not depend upon 
jts loudness, pitch or quality. This was experimentally verified by 
many scientists by determining the speed of sound produced by a 
volcanic eruption. 


17. Why is it possible to hear more easily and clearly a person 
speaking in a room than in the open air ? 


Ans. It is because the sound waves, on reaching the walls of 
the room, are reflected back without a loss of energy and mix with 
the direct waves of the speaker's voice—thus augmenting it. On the 
other hand, sound waves are not reflected from the open air and they 
progressively move further away. Thus the audience hears only the 
direct sound of the speaker. 

[Note : Even in a room, the loudness of a sound decreases when 
windows are opened since open windows serve the purpose of the best 
sound absorbant or the worst reflector.] 

18. Why is the sound in a hall, packed with i i 
than the end in the same hall when it Labi ? audience Tomten 

Ans. Inan empty hall, the sound is reflected not only from 
the walls but also from the polished surface of the furniture and no 
absorption takes place on these surfaces. The reflected sound mixes 
with the direct sound—as a result a louder sound is produced. 


On the other hand, if the hall is packed with audience, not 
only the area of reflection of sound decreases but also the clothes of 


the people absorb sound incident on them. Therefore, in this case, 
the resultant sound becomes fainter. 3 


[Note : To direct some reflected sound towards the ear, we 
generally hold our palm near our ear while trying to listen by a 
whisper.] 

19. Why do deaf people sometimes use an ear-trumpet ? 

Ans. Ear-trumpet is wide on one side and narrow at the other. 
It restrains the spread of the approaching sound waves and once’ 
trates them ina much narrow space by reflection on its walls. This 
results in increasing the ultimate strength of sound waves when they 
enter the ear. 


20. How does a megaphone (loud-speaker) increase the travelling 
power of sound ? 
Ans. A megaphone consists of a funnel-shaped horn. The 


sour d, produced at its narrow end, is not allowed to spread out in all 
dire ctions. This sound rather suffers successive reflections from the 


246 SHORT ANSWERS AND OBJECTIVE TYPE QUESTIONS IN PHYSICS: 


inner surface of the horn and is thus concentrated into one narrow 


beam in a single direction, Evidently, the ensuing sound becomes. 
louder and can be heard at greater distance. 


(Note : For the same reason, we bring our hands around the: 
mouth in a cup-form while shouting to somebody at a distance. ] 


21. How is the working of a physician’s stethoscope due to reflec 
tion of sound waves ? 


Aus. When the stethoscope is kept in contact with the left side- 
of the chest, its membrane Starts vibrating in-and-out due to the 
heart-beatings. These vibrations cause enough change in the pressure 
of enclosed air—giving rise to longitudinal waves which suffer succes— 
sive reflections from the side of the tube. The sound waves are thus. 
concentrated and when they fall on the car-diums, one can quite 
distinctly hear the magnified and louder beatings of the heart, 


22. What are whispering galleries ? Why are they so called ? 

Aas. A whispering gallery is one in which a whisper is audible: 
anywhere or everywhere. Such galleries are made in circular build- 
ings and their working is based upon successive reflection of sound 
taking place from its opposite walls. Since there is no loss of energy,. 
therefore the sound of a whisper can be heard at a great distance 
inside such a gallery. For receiving a clear whisper, the ear must be 


kept close to the wall of the gallery—as if the walls are whispering, 
ence this name. 


h [Note : Sounds cannot be heard very far over freshly. fallen snow 
which is a bad reflector ; on the other hand, at night over smooth 
water sounds can be heard at a great distance.] 

23. What causes the rumbling of sound of thunder-? 
Ans. This is due to reverberation or multiple echoes. Sound of 
thunder will get reflected Successively from the two colliding clouds 


SI louds are- 
close to each other, the successive echoes cannot be heard separately. 


This mixing or overlapping produces a long roll of thunder, also 


[Note : Ifa thunder is reflected one after the- other from, the- 
surrounding rings of clouds, it produces an impression; as.iffthe-sourae: 


focus of the curved surface, his voice js rendered parallel after reflec. 
i In this way: his voice: 


25. Why is the ceiling of a Prompt Box on a stage made concave V 


Ans. The Prompt Box is kept in one front corner, well) above: 
the stage, Its concave ceiling serves a dual Purpose—(i) to prevent 
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what the prompter is saying from reaching the andience, and (ii) to 
reflect his voice towards the actors on the stage. 


26. How many echoes be of use to ships at sea during a heavy fog 
to locate their position ? 

Ans. To locate the position of a ship at sea (during a heavy 
fog), we require at least two echoes from two known places (say 4 and 
B) situated at the sea-shore. Suppose these intervals are 10 and 14 
seconds respectively for two echoes. Then the distance between the 
ship and the place A is the distance covered by the sound in air in 
10/2=5 seconds while that between the ship and the place B is equal 
to the distance covered by the sound in air in 14/2=7 seconds. If 
the velocity of sound in air at that time be, say, 36U metres/sec., then 
on a chart on any known scale draw two arcs of radii 3605 metres 
and 360 X7 metres with A and B as centres respectively. Then the 
point of intersection of these arcs will give the location of the ship. 


27. Can one sound when added to another sound produce a low 
resultant sound ? If yes, then how ? 

Ans, Yes, it is possible. When two sounds of slightly different 
frequencies are produced together, these set up their respective com- 
pressions and rarefactions, At some points of the medium when the 
compression of one falls on the rarefaction of the other, that is, they 
are in the opposite phases, the resultant sound equals the difference of 
two sounds and so a low or faint sound is heard. 


[Note : One the other hand, at some points of the medium the 
compressions of the two sounds will coincide and thus the two sounds 
being in the same phase will produce a louder sound equal to the 
sum of their intensities. This thing occurs when beats are produced 
and these fluctuations of sound can be easily counted if their number 
is less than 10 per second (=difference of the frequencies of two 
origina] sounds).] 

28. What is the difference between noise and musical sound ? 


Ans. Musical sound is the result of regular vibrations which 
follow a complicated law. On the other hand, noise isa mixture of 
sounds collected together at random and having no tone, tune or 
timbre therein. The margin between noise and musical sound is 
not clearly drawn, and that which is music to some may be noise to 
others. Broadly speaking, a noise has no definite loudness, pitch or 
timbre, and thus any attempt to determine its quality would be 
meaningless. 


29. Why are bells usually made of ‘‘bell-metal’’ ? 


Ans. It is because some substances are sonorous and others 
are not. Bell-metal, which is composed of four parts of copper and 
one part of tin, is a harder and more elastic alloy than any one metal 
and is thus sonorous. Other metals, such as lead, are too soft to be 
sonorous. 

30. Why does a cracked bell sound harsh ? 
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Ans, It is because the split causes double vibrations and ne 
two different sets of sound-waves clash. This clash results po 
production of alternately louder and lower sounds. Since wou 
vibrations impeding each other will last for a short interval and th a 
amplitudes have increased on account of the crack, they produce 
jarring effect on the ear. 


31. “An empty vessel makes much noise”. How can you justify 
this proverb ? 


Ans. We know that the intensity of sound 
the square of the amplitude of the vibiating body. 
vessel is struck, it begins to vibrate with a gre 
filling it is highly compressible. Morcover, the air filling the empty 
vessel is also set into vibrations producing sound due to compressions 
and rarefactions which also possess large amplitude. Thus the resul- 
tant (or total) sound wili be much louder. 

On the other hand, when the vessel is filled with 
and then struck, the water molecules will also be set i 
but their amplitude will be much smaller than that of air molecules. 
Moreover, the water will not allow the vessel also to enjoy its full 


swing as water is not compressible. Thus the resultant sound will 
be lower. 


is proportional to 
When an empty 
ater amplitude since air 


» say, water 
nto vibration 


Hence an empty vessel produces more sound than a filled one. 
32. Two sound notes crn be distin: 
and loudness. Indicate with, brief explanation which one is the dis- 
tinguishing feature in each of the following cases : 
(i) Notes emitted by two different tuning forks. 
(i) Notes emitted by two wires of different materials, having the 
same fundamental frequency. 
(tit) A note and its echo. 
Ans. (i); The sound of a tu 
no overtones. Their loudness will 


guished by their pitch, quality 


ning fork, being pure, will have 
be the same when struck with the 
same force. The distinguishing factor js pitch because the notes 
emitten by two different forks will have different frequencies and 
hence different pitch. 


(ii) : When the fundamental frequency of two wires is same, 
that means pitch is same. Also their 


intensities will also be the same 
as the wires are sounded simultaneously (as their amplitudes will be 
equal). Thus the distinguishing factor is quality (or timbre) because 
the wires are of different materials and therefore the overtones pro- 
duced will be different. 


intensity (or loudness) 


k is the distinguishing 
ction of sound ; it will 


have the same pitch 
due to distance, the intensity 
more than that of the original 


} 
f 
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33. Why are the slight sounds, heard ina diving-bell, of painful 
intensity to the ears ? 

Ans. Intensity of sound depends upon the density of the inter- 
vening medium—less is the density, less is the intensity and vice versa. 
Because the air in the diving-bell is made very dense by the pressure 
of the surrounding water, the intensity of sound in it increases many 
fold (just as the rarity of air diminishes the intensity of sound). Hence 
a painful or jarring effect is produced on the ear of a diver in a 
diving bell. 

[Note : At the same pressure, a louder sound will be heard in 
oxygen than in hydrogen but the sound will travel faster in hydrogen 
than in oxygen.] 

34. How do you recognize your friend simply by his voice, without 
seeing him ? 

Ans. Sounds differ from one another in their intensity, pitch 
and quality. All these three factors help us to recognize our friend 
by his voice only. But it is the quality of his sound which helps us 
the most to distinguish his sound from another sound of the same 
pitch and same loudness. 


In its turn, the quality of a sound depends upon the presence, 
number and intensity of harmonics accompanying the fundamental 
tone. Different sounds are accompanied by different harmonics. 
We are familiar with the harmonics of our friend’s voice and hence 
‘can recognize him simply by hearing his voice. 


[Note : The first five harmonics give richness and fullness to 


. the notes, while the higher harmonics give brilliancy.] 


35. What do you mean by a tone and a note ? 


Ans. A sound that is produced by a pure sine vibration is 
called a tone. A sound that is produced by a periodic complex 
vibration is called a note. A note is a sound of definite frequency 
and its wave-curve is simple harmonic. A tuning fork gives more 
or less a pure note. 

36. What is the difference between a harmonic and an overtone ? 

Ans. When a body is sounded, in addition to its lowest or 
fundamental note, it produces other notes of higher frequencies which 
are exact multiples of its fundamental. These are termed harmonics. 


A note of higher frequency which is not a simple multiple of 
the fundamental is called overtone. 


37. Why does the transposition of a piece of music from one 
musical key to another of a piano often completely alter the character 
of the work ? 


Ans. It is caused by the fact that no piano is tuned to a 
‘strictly mathematical ratio between each note ; if this were done, a 
number of notes far in excess of those at present in use, would be 
required. We are content with approximately accurate notes. Our 
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present tempered or temperate scale considers the sharp ofa note as 
equal to the flat of the succeeding note—thus reducing all the notes 
in an octave to twelve. The temperate scale has become generally 
accepted and our musicians no longer know that it is an inaccurate 
scale. - 

The use of this remodelled but inaccurate scale means that 
some of the finer delicacies of music have been destroyed. 'T'hus the 
chords of certain keys are not ina perfect tune and this impertection 
gives rise to beats as well as to a different musical form. 


38. How does the use of the temperate scale a ffect stringed instru- 
ments, flutes and trumpets ? 


Ans. Stringed instruments and the human voice have their 
notes perfectly free and untrammelled by a keyboard, and can 
therefore have the pitch of their notes shif.ed at will by the artist. 


And a flute or trumpet player can just as easily play in the true scale 
as in the temperate one. 


39. Is it always true that “an echo does not lie” [that is, a re- 
flected sound has the same pitch as the original direct sound] ? 


Ans. No, it is not always true. The pitch ofa reflected sound 
does not equal that of the original sound in cases when the source 
of sound or the obstacle from which the sound is reflected, or the 
observer is moving (Doppler Effict). 


40. Why does the pitch of a locomotive siren steadily rise as the 


train approaches and fall as it is receding ? 
Ans. It is because of Doppler Effect* 
frequency of a note is increased as each sound-wave has added to. 
its normal speed of travel that of the engine (which is about one- 
tenth the speed of sound). Similarly, after the engine has passed, 


one-tenth of the speed of the sound-waves is deducted from the 
original note — thus lowering its pitch. 


» according to which the 


This can be mathematically ascertained by using the relation 
V=n.r 
or Von when A is constant. 


[Note : The pitch of the whistle on a fast moving train sounds 
normal to the observers off at the sides.] 


41. It is required to tune a string to unison with a tuning fork 
and both are accordingly made to sound at the same time. Beats occur. 
After a small weight his been attached to one prong of the tuning fork, 
the frequency of the beats is reduced. What must be done to the string 


(tighten or slacken it) so that it should be tuned to unison with the 
tuning fork ? 


*Since the universe as a whole is expanding, a distant star is going away 
from the observer on earth and so the visible light from it shifts genetally towards. 
the red-end of the spectrum. 
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Ans. Frequency of beats equals the difference between the 
frequencies of the string’s vibrations and those of the tuning fork: 
Attaching a weight to the tuning fork will decrease the frequency of 
its vibrations, while tightening the string will increase its vibration- 
frequency. Therefore, if the attaching of a weight reduces. the fre- 
quency of the beats, this means that the tuning fork’s frequency has. 
approached the string’s frequency which must be less than that of 
the tuning fork. Hence to tune the string to resonance with the 
tuning fork, the string should be tightened. 

[Note : A sitar-tuner uses beats in tuning his piano- because: 
its strings are in tune when no beats are heard ij 


42. How can you use a simple form of siren to- produce (i) œ 
steady note, (ti) wailing note ? 

Aas. When the siren disc is rotated with a uniform: speed and! 
the jet is held against the same ring of holes, then the. siren produces. 
a steady note. If on the other hand, the disc is rotated with a 
variable speed or the jet is moved from one ring of holes tothe other, 
then the siren produces a note of varying frequency. 

[Note : In a siren the holes are made equidistant in. order to: 
produce a sound of regular frequency,] 

43. What is the purpose of the bridge of a violin 2 


Ans. The bridge communicates the vibrations of the: strings: 
to the body of the instrument, which, being hollow; resonates* in 
sympathy with the strings. Moreover, the area of the vibrating: 
surface increases. Both these factors augment and improve the- 
volume and tune of the sound. ~ 

[Note : Here volume means loudness of sound which canı 
further be increased by increasing the amplitude of vibration of the 
violin-string.] 

44. Why is a tnning fork so called ? 


Ans. A tuning fork is so called because it is in the shape off 
a fork and when struck against a (soft) surface, it tunes, i.e. it pro- 
duces a musical sound. 

45. Why is a tuning fork made with two prongs ? 

Ans. The prongs of a tuning fork working normally move- 
in opposite phases, i.e. they are always moving in opposite directions. 
Therefore, G.G. of the tuning fork remains stationary and: hence no: 
external force is required to cause these oscillations. Thus the tuning 
fork can make its oscill tions without being rigidly fixed. 


46. Would a tuning fork be of any use for its normal purpose if’. 
o?e of the prongs were sawn off ? 


Ans. If one of the prongs be cut off and the remaining prong: 
makes oscillations of the same sort as before, then C.G. will no longer 


*That is why the sonometer box is made hollow. 
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remain stationary. Consequently an external force must act in order 
that these oscillations should occur, i.e. the tuning fork must be 
rigidly fixed (e.g. the handle should be clamped in a vice). There is 
then an outside force acting, on the part of the clamp, which brings 
‘C.G, into motion. But if the handle be simply held in the hand, the 


fork will not be sufficiently rigidly fixed and oscillations cannot 
occur. 


47. What is the use of the stem of a tuning fork ? 


Ans. (i) The stem provides a handle for holding the tuning 
fork. As the vibrations in the stem are parallel to its length, they do 
not die out when the stem is held in the hand. 


(ii) The energy produced by the vibration of the tuning fork is 
transmitted through the stem to the sounding board. 


48. Why does a tuning fork give a pure note only ? 


Ans. Because its first overtone is about six octaves above the 
fundamental and is very weak. Also any other overtones present are 
heavily damped and hence quickly die out. 


49. What is the effect of temp. on the note of a tuning fork ? 


Ans. Due to the increase in temp., the prongs of a tuning fork 
ancrease in length and also the elasticity of the steel (i.e. its material) 


is diminished. Therefore the frequency of vibration of the tuning 
fork will be lowered. 


50. What factors govern the pitch of a tuning fork ? 
Ans. The pitch of a tuning fork is : 


(1) inversely proportional to the square of the length of the 
prongs ; 


(2) directly proportional to th 
the material of the fork ; 


(3) directly proportional to the thickness of the prong ; 


(4) inversely proportional to the square root of the density of 
the material of the fork ; 


(5) independent of the width of the fork ; 
(6) directly proportional to the ve 
the material of the fork. 


[Note : The alphabet written on a tuning fork stands for the 
frequency of its note on the diatonic scale.] 


51. If we cut a notch 
of cach arm of a tuning fork 


€ square root of the elasticity of 


locity of transverse waves in 


Imm. deep and 1 mm. wide war the top 
, what will happen to its frequency ? 

Ans. The frequency of a tuning fork varies inversely as the 
square of length of its prongs and inversely as the square root of the 
mass of its prongs. When the mass decreases, the frequency increases 
and vice versa. 
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Thus when we cut a notch near the top of each prong of the 
tuning fork, we are decreasing its mass and hence its frequency 
increases. 

[Note : When the prongs are filled or loaded with a small 
quantity of wax, the frequency of the tuning fork decreases. But 
when the prongs are filed, its frequency increases. Remember the 
difference between the two cases of filld and fieled.] 


52. What are stationary waves ? 


Ans. When two progressive waves of exactly the same wave- 
length move in opposite directions (two such waves are generally 
one incident wave and the other its reftected wave when the reflection 
has been suffered on a denser medium), the resultant disturbance is 
called a stationary wave which remains confined to the space where 
it is produced and does not proceed in either direction. Every particle 
of such a wave has a fixed amplitude of vibration. 


53. State a few important properties of stationary waves. 
Ans. (i) There is no forward motion of the wave. 


(ti) All particles execute periodic motion of different but 
fixed amplitude and same time period. 


(iit) All particles pass through mean position as well as. through 


maximum displacement at the same time. 

(iv) All the particles are twice at rest at the same time in one 
complete time-period. 

(v) Distance between any two consecutive nodes (where strain: 


is maximum but displacement is zero) or antinodes (where 
strain is minimum but displacement is maximum) =A/2. 


54. Where will you hear a louder sound—at the node or at the 
antinode of displacement of a stationary wave ? 


Ans. An observer hears a sound when variable pressure acts on 
his car-drum. At the antinode, the amplitude of vibration has its 
maximum value while the change in pressure i. practically zero, But 
at the node, the amplitude is zero while there is maximum change in: 
pressure. Therefore, we will hear a louder sound at the node of a 
stationary wave. 


55. Why are marching soldiers ordered to disperse before approa- 
ching a bridge on a river ? 

Ans. If a column of soldiers is allowed to march in steps on 
a bridge, it itself (if it is a suspension bridge) or its span will be forced 
to vibrate also. If by chance the time period of the marching 
column equals that of the vibrating span of the bridge, resonance will 
occur between the two. Consequently with each step, the amplitude 
of vibration of the span will go on increasing and ultimately the 
bridge (or its span) will collapse. It is to avoid this possibility that 
the soldiers are ordered to break steps and not to march as a group: 
when crossing a bridge. . 
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[Note : Due to sympathetic vibrations or resonance, windows 
sometimes rattle when the low notes of an organ pipe are sounded. 
Tn such ‘a manner, windows might be broken.] 

56. On gradually increasing the speed of a bus, its whole struc- 
dure starts vibrating very strongly at a certain speed. How will you 
explain it ? 


Ans. Whenever a bus 
duced in its structure by the 
speed of the bus can be incre: 


isin motion, forced vibrations are pro- 
oscillating piston of the engine. The 
ased by increasing the frequency of the 
piston. When at a particular speed, the frequency of the bus-structure 
equals that of the piston, resonance occurs between the two. Asa 
result of resonant vibrations, the whole structure of the bus starts 


vibrating very strongly. To avoid this, the driver then slightly 
increases or decreases the speed of the bus. 


57. Why does the resonant frequency of the air-column rise when 
water is poured in.a tall cylinder ? 

Ans Let us consider the case of first resonance. 
the first resonance length of the air column of the cylinder, V cin,/ 


sec. the velocity of sound in air at that time, n the resonant frequency 
and D cm. the internal diameter of the cylinder so that the end-cor- 
rection is 0°3 Dcm., then 


V=4n(l+-0°3D) 


Since V and D are constant, therefore n will be inversely pro- 
portional tol. That is, when water is poured in the cylinder, the 
Jength } of the air-column decreases and hence the resonant frequency 
n has to increase. z = 


Ifl cm. be 


58. How will it affect the resonance position if some oil is used 
instead of water in Resonance Apparatus ? 


Ans. It will not affect the resonanc: 
replaced by any other liquid — provided 
than air and so far no such li 
concerned with the len: 
liquid-column. 


[Note: The resonance 


€ position at all if water is 


ovic that liquid is not lighter 
quid is available. oreover, we are 


gth of the air-column and not with that of the 


Position will be ch d 
of the tube of Resonance Apparatus is changed ee, 


c e then the end- 
Si ie et applied to the length of air-column will change.] 
. How will it affect the resonance position i 
A e on if the res e ex- 
periment is performed on a mountain ? AT a 


Ans. It will not atfect the resonance positi 
2 z 1uon at all, h 
the pressure on the mountain: p atall. Althougł 


if the diameter 


s is less than that i 
pressure has no effect on the velocity of sound in ater aes 
60. How will it affect the resonance iti s ; 
s ; position i ike 
CO, is filled in the r: sonance apparatus at a aies l 
Ans. Since the density of CO, is rdi 
í 2 reater t 
air, therefore the velocity of sound H 7 than that of ordinary 


will decrease, With the decrease 
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in velocity, the wavelength also decreases and consequently the Jength 
of resonance column will also decrease. 


61. What is end-correction and why is it applied to a resonance 
air-column ? 

Ans. In the resonance apparatus, the waves are reflected first 
from the surface of water upwards and reach the open end of the 
tube. Since here the medium is comparatively rarer, hence these 
waves cannot suffer reflection just from the top of the tube ; they 
go a little above and are then reflected downwards in the tube. Con- 
sequently, the end of the tube has to be considered slightly higher 
than its actual top. The correction proposed for this is called end- 
‘correction. 

[Note : It equals 0°3D where D is the internal diameter of the 
tube. For a given tube, its value will thus remain constant whether 
we are dealing with the first or the second* or the third resonance 
length.] 


62. Why do we not take avery narrow resonance iube to make 
the end-correction negligible ? 


Ans. In that case, the intensity of sound due to less volume of 
vibrating air will be reduced and the judgement of the resonance 
Position will not be accurate. 


63. Can we tal resonance tube of square cross-section ? 


Ans. (i) : No, if we are using the first resonance method since 
we would not know the end: correction to be applied, 


(ii) : Yes, if we are using the second resonance method since 
the end-correction will be eliminated. 


64. Which organ pipe—close-end or open-end- gives a better 
musical sound and why ? 


Ans. When air is blown at higher and higher pressure in an 
organ pipe, the air-column vibrates in more and more segments — as 
a result the pipe produces sounds of higher and higher frequency, 


In the case of a close-end pipe, the frequencies of various over- 
tones along with the fundamental tone are in the ratio of 1:3:5: 
That is, all the overtones are not present, alternate overtones are 
missing and hence the quality of sound produced by this pipe cannot 
‘be good. 

On the other hand, these frequencies are in the ratio of 
E aE eie A for an open-end pipe. Since here all possible over- 
tones are present, the quality of sound produced by an open-end pipe 
must be better than that produced by a close-end pipe. 


"Resonance at the second and third positions is feebler than that at the first 
since their frequencies are respectively three and five times the fundamental and 


therefore the vibrations become feebler. Moreover, in the second and third 
resonances, the sound has to travel longer distances. 
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65. A tuning fork which is octave to an organ pipe can make it 
“speak” if the pipe is open-end but xot if it is close-end pipe. How can 
it be explained ? 


_ Ans. Octave means of twice frequency, i.e. if the frequency of 
the fundamental tone of the organ pipe be n, then the frequency of 
the tuning fork will be 2.n. 


In the case of a close-end pipe, possible frequencies of various. 
tones are in the ratio of 1:3:5:...... Since here, digit 2 is missing, 
this pipe can never produce a sound of frequency 2.x and hence the 
given tuning fork cannot resonate it. 


On the other hand, in the case of an open-end pipe these fre- 
quencies are in the ratio of 1: 2:3:4:...... Since here, digit 2 is 
present, this pipe can be made to resonate (or to speak) with the 
given tuning fork. 

66. For what wavelength would a pipe, of length L cm., that is 
closed. at both ends, resonate ? 


Ans. When the pipe is closed at both ends, the ends will re- 
N N y Present nodes (represented by N) and there 
4 must be at least one antinode (represented by 

\ A) between two nodes when this pipe vibrates 
in minimum number of parts (Fig. 4-4-a). Since 
the distance between a node and an adjacent 
antinode equals one-quarter of a wavelength, 
therefore the wavelength (say A,) of the funda- 
mental tone is given by : 


2(\,/4)=L or \\=2L 
In the next mode of vibration (Fig. 4-4-b), 


l we have 3 nodes and 2 antinodes. If A, be 
the wavelength of the first overtone, then 


4(A,/4)=L or =L 
\ j Similarly for the next overtone (Fig. 4-4-c), we 
Y 


= 


have 
N N N 6(A;/4)=L or As=2L/3 
(a) (b) © Thus in general, the different wavelengths 
Fig. 4-4 for which this pipe will resonate are 
2L ; 2L $ 2L 2L 
i 2 goes T 


when n=1, 2, 3,...etc., any positive integer. 


67. What is the function of sharp knife-edges fixed over the 
wooden bridges of a sonometer ? 


Ans. (1) The knife-edges limit the length of the vibrating 
wire. 


(2) They facilitate accurate measurement of length of the wire. 
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(3) They determine the position of nodes*. 


(4) They provide for reflection of sound-waves so that the wire 
between them may have stationary vibrations. 
68. Can we use arubber string in place of a metallic wire in a 
sonometer ? 
Ans. No. Because 
(i) the vibrations will die out very soon in a rubber string ; 
(ti) the length of the string will increase under the action 
of an ordinary load ; and 


iii) the sound produced may noc be audible under ordinar 
P y 
tension, 


69. Why are strings of different thickness used on a stringed ins- 
trument ? 4 

Ans. The frequency of a note produced by a vibrating stretch- 
ed string undera constant tension is inversely proportional to the 
diameter (or thickness) of the string. Thus by using strings of 
different diameters, notes of different frequencies can be obtained by 
vibrating the same lengths of different strings. 


70. A wire, supported at its upper end and kept in tension by 
a freely hanging weight attached at its lower end, emits a Saint sound 
when plucked. But the same wire under the same tension, when 
stretched over a board, emits a much louder sound when plucked, Why 
is it so ? 

Ans, It is due to the increased area of vibrating surface. In 
the first case, only the wire vibrates. But in the second case, the 
vibrations of the wire are transmitted to the board through the knife- 
edges. Thus the board’s surface also starts vibrating. Simultaneously 
the air enclosed inside the sonometer box also starts resounding. 
Hence the observed difference in the volume of two sounds. 


71. Is it important that a gramophone record should be played 
at the frequency marked on it? What would happen if it is rotated (a) 
much slower, (b) much faster ? 

Ans. Yes : it is very important that a gramophone record must 
be played at the frequency/speed marked on itso that our ears listen 
to a normal sound. For anormal sound, each alphabet takes 0-2 
second. Ifthe record is rotated much slower, the duration of sound 
of each alphabet or word will be lengthened and it will appear as if 
the sound is coming out of a throat which is being throttled by some- 
body. On the other hand, if the record is rotated much faster, the 
duration of sound of each alphabet or word will be shortened and we 
will not be able to hear different words clearly and separately, as a 
result we will hear a sort of shrieking sound. 


72. Why is it that a gramophone reproduces music clearly with 
a new sharp needle but not with an old blunt needle ? 


*The rider/riders should be placed On antinode/antinodes to detect the 
resonance of the sonometer wire due to a tuning fork most efficieutly, 
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Ans. It is because there are very fine grooves on the record 
and these grooves consist of very fine holes of varying depths. An old 
blunt needle cannot enter these holes and that too upto a proper 
depth—as a result the old needle cannot vibrate properly and more 


freely than the new and sharp needle. Hence the observed difference 
in the use of two needles. 


73. Why does a short phonograph-needle make the sound louder ? 


Ans. A phonograph-needle is really a lever. The shorter arm 
causes the other end of the needle to vibrate through a greater ampli- 
tude, resulting in a louder sound. 


—— 


1. A dictaphone is a machine reproducing in typed form what 
is spoken into it. 


2. A hydrophone is an instrument to detect sound by water. 
3. A saxophone is a kind of brass musical instrument. À 


4. A xylophone is a musical instrument like harmonica in 


which glass slips are replaced by graduated hard bars of 
wood. 


SONAR is a short form of Sound Navigation And Ranging. 


— 


Part V—Magnetism 


Concise Magnestism 


1. Chief Properties of Magnets : (i) Magnets can transfer some 
of their magnetic properties by contact with nickel, iron and cobalt. 


(ii) When suspended freely, a bar magnet will set itself in north 
and south direction. It is its directive property. 

(iii) A magnet will attract nickel, iron and cobalt. If a bar 
magnet is dipped into iron filings, the centres of regions in which they 
cling most strongly are the poles. They are situated near but 
not at the ends of a magnet. Itis its attractive property. 

(iv) The pole of a magnet which points towards north is called 
north-seeking or North pole. The other pole which points towards 
south is called south-seeking or South pole. 

(v) It is impossible to produce an isolated pole. 

(vi) By heating or rough-handling, a magnet may be made to 
lose its properties or also by the influence of another magnet arranged 
with their poles in opposition. 


2. Methods of Making a Magnet : (a) By earth’s induction. 
(b) By single-touch method. (c) By double-touch method. 
(d) By divided-touch method. 


(e) By placing the specimen in a solenoid and passing a fairly 
heavy current around it. It is called electrical method. 


3. Magnetic Materials : The cheif magnetic materials are iron 
and steel Lode-stone is a naturally magnetised iron ore consisting 
mostly of Fe,0,, an oxide of iron. Its original source was from 
Magnesia, a province of Lydia in Asia Minor, the name of magnet 
being derived from this place. Nickel and cobalt are also natural 
Magnetic materials and the alloys Alnico and Ticonol which 
contain Al, Ni, Cu and Cobalt in addition to iron are strongly 
magnetic. 

Magnetism, according to molecular theory, is due to the 

molecules of the substance being arranged in some special pattern or 
formation. 
4, Magnetic Fields : A magnetic field is a region or space around 
a magnet, over which the influence of a magnet can be detected. 
The earth has a magnetic field which is roughly that which would be 
caused by an immense bar magnet in its interior. 
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5! Laws of Magnetic Poles : (i) Like poles repel and unlike poles. 
attract each other, along the line joining the two poles. 

(ii) The force (F) of attraction or re 

netic poles (of strength say m, and ms) is directly proportional to the 
product of their pole Strengths and inversely Proportional to the 
square of the distance (say r) between them. 
6. (a) Unit Magnetic Pole : Unit magnetic pole is that pole which, 
when placed in air 1 cm. ‘away from another equal and similar pole 
repels it with a force of one dyne. The unit of magnetic pole-strength 
is the Weber. . 


SG) Pole-strength is numerically equal to the force which the 


pulsion between two mag- 


given pole exerts on a unit north pole placed 1 cm, away from it in 
air: 

(c) Intensity of Magnetisation of an. element of a magnet 
is the 


magnetic moment per unit volume. 
pole-strength per unit area of the pole-face. 


To Magnetic Lines of Force 


force at a point indicate the strengi 


h and direction of the field at that 
point. i 


If a free unit 
field, then the line 
it would travel. 


8. Magnetic Induction : If a piece of iron or steel is brought near 
but not touching, a bar magnet, it is found 

itself... The end nearer the nor 
specimen is said to be an indu 
when the inducing bar magnet is renioved. 


9. Magnetic Field-strength : It js measured by the force'which it 
exerts on a unit north pole. A field is said to have strength of one 
dyne per unit pole or one cersted when it 

on a north pole of strength one weber: 


In a field of strength M oersted, a 
is subjected to a force of “m. H” dynes. 


A uniform magnetic field has the same str 
all the points situated in it and can be represented by parallel lines of 
force. ` 


north pole were placed at a point in a magnetic 
of force at that point gives the direction in which 


th pole becomes a south pole. The 
ced magnet. Its magnetism disappears 


pole of strength “m” ` webers 


10. Magnetic Moment : 


its pole strength (m) and magnetic length (21) : 
M=m x 21 weber-cm, 
Magnetic moment is a vector quantity, 


11. Deflection Magnetometer : This instrument h 


to make the magneti 


n as been designed 
ic Measurements by virtue of defi 


ection produced 


It is also defined as the: 


: In a magnetic field, the lines. of: 


to become mazgnetised 


exerts a force of onë’ dyne' 


ength or intensity. at= 
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in a magnetic needle, suitably placed in a non-magnetic cup-box;. 
obeying tangent law i.e., F=H. tan 0 when the two fields (F and H) 
are at right angles at the centre of the needle. ; 
Deflection Magnetometer can be set in either of the two posi- 
tions : (i) Tan-A position or A-position or First Position of Gauss [in 
which P=2rM |ir?—P)?= 9M fr) and (ti) Tan-B position or B-posi- 
tion or Second Position of Ganss [in which F= M/(r?4-1)8 2 Mh]. 
Morever it utilises either Deflection Method or Null Method. | 
Tt is used for comparison of (i) moments of magnets, (ii) fields 

due to magnets, and (iii) earth’s horizontal fields at two places, 


12. Vibration Magnetometer : It consists of.a box in which a 
small bar magnet is freely suspended by an unspun silk thread. The 
magnet can execute torsional vibrations about the thread as an axis in 
a horizontal plane and its time period is given by d 


t=2nv\/J/ILA 


where J is its moment of inertia and depends upon its mass and di- 
mensions but not on its pole-strength. : 


Its uses are similar to those of the Deflection Magnetometer,. - 


13. Neutral Point : It isa point where resultant Magnetic inten- 
sity is zero. It isa point ina magnetic field where the field (F) due 
to a magnet is generally equal and opposite to the horizontal com- 
ponent (H) of earth’s magnetic field and therefore at the neutral Point 
the total field is zero i.e., F=H and no lines of force can pass through 
this point. 

Neutral points commonly occur when bar magnets are used in 
conjunction with earth’s field. 


If a magnetic needle is freely suspended at a neutral point, the 

needle will become vertical under the effect of vertical component of 
earth’s magnetic field since the effect of horizontal component (H) is 
absent or nullified at a neutral point. 
14. Earth’s Field ; (2) Cause : As the earth revolves from West 
to East, there is a constant stream of electrons in the higher atmos- 
phere from east to west—the atmosphere lagging behind the earth’s 
revolution. This probably produces a magnetic field along North 
and South, like the earth’s field. 


(či) Under the influence of the earth’s magnetic field, a freely 
pitended compass needle sets itself along magnetic north and 
south. 

(iii) In order to completely specify the earth’s intensity at any 
point on the surface of earth or the space around it, we need to know 
the following three things, called earth’s magnetic elements at a 
place : 

(a) Declination : It is the angle between the geographical 


meridian and the magnetic meridian at that place. It is represented 
by 0 in Fig. (5-1). 
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(b) A uniform bar magnet, suspended by 
GEOGRAPHICAL a torsionless thread at its mid-point, sets itself 
MERIDIAN M in north-south and with its north pole dipping 
cH downwards. The angle ($) between the axis 
H al) of this magnet and the horizontal is called dip 

or angle of inclination (Fig. 5-1). 
[Note : An iron rod should be placed para- 
Yy llel to the dip needle in order that the rod may 
acquire the maximum induced magnetism from 

the earth’s field.] 


pees AN 
NETIC MERIO! (c) There is no doubt that earth behaves 
mae’ as if it is a strong magnet. As such, a definite 
Fig. 5-1 intensity R of the earth’s field can be associated 


at every point on it. In horizontal direction, the 
effect of R, the total intensity of earth’s field, is denoted by its 
horizental component H=R. cos ¢, where ¢ is the angle of dip. 


Also R=V V?+H? and V/H=tan ¢ 
BEUA represents the vertical component of R and is equal to 


—_—___. 


Objective Type Questions 


CHAPTER XXXII 
MAGNETS AND THEIR PROPERTIES 


I. Complete the following statements with suitable 
words or phrases : 


(Dies: is a natural ‘magnet and a magnetic needle is...... 
magnet. 


(2) The word “magnet” has originated from... 

(3) Attractive and...... are the two important properties of a 
magnet. 

(4) Unlike poles...while like poles...cach other. 

(5) Repulsion is a...of magnetism. 

(6) Induction...attraction. 

(7) A magnet attracts a piece of soft iron due to... 

(8) In induction, the nearer end gets...polarity and the farther 
end gets...polarity. 


(9) A st, line passing through the poles of a magnet is called 
its...and a vertical plane passing through the magnetic axis of a 
freely suspended magnet at rest is called... 


(10) Electro-magnets are...and of... 

(11) Steel is used for making...magnets. 

(12) When a magnet is cut, its each piece will be a...in itself. 

(13) The...property ofa magnet can be explained on the basis 
of...property. 

II. Select suitable word or words te complete the 
. following statements from the clues provided against each : 

(1) Poles of a magnet are of...strengths. [equal, different] 

(2) At the centre of a bar magnet, magnetism is... 

[maximum, minimum, zero] 

(3) Poles of a magnet...be separated. [can, cannot] 

(4) A substance which is strongly attracted by a magnet is 
called a...substance, one which is feebly attracted by a magnet is 
called a...substance, and the one which is repelled by a magnet is 
called a...substance. [para-, ferro-, or dia-magnetic] 


(5) Magnetic lines of force...longitudinally and...laterally. 
[contract, expand] 
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(6) A substance which is...... by a magnet is called a non-mag- 


netic substance. [neutral, dead, neither attracted nor repelled] 
(7) For Magnetism, retentivity of...is greatest and susceptibility 
of...is greatest. [soft iron, steel, brass] 


(8) Two rods of soft iron hang vertically side by side from a 
support. On bringing one end of a magnet near the rods from below, 
they... (separate, cling together] 

(9) Two rods of soft iron hang vertically side by side from a 
Support. On bringing one end of a magnet near the rods from the 
side, they... (separate, cling together] 


IN. Select the correct statements out of the following : 


(1) Magnetic length=Geometric length of a magnet. 

(2) A freely suspended magnet points towards East and West. 
(3) Two magnetic lines of force never cut each other. 

(4) Lines of force run from South pole to North pole. 

(5) Spin-motion of the electrons in the atom causes magnetism. 
(6) Magnetism is destroyed by beating or heating a magnet. 


(7) A magnet may be demagnetised by the use of an alternating 
current. 


(8) The core of an electromagnet is made of soft iron. 


IV. Classify the followings into magnetic and non- 
magnetic substances : 


3 Silver ; Glass ; Wood ; Nickel ;_Tron ; Copper ; 
Manganese ; Aluminium ; Bismuth 3 Cobalt ; Sulphur 3 Sugar ; Wax; 


CHAPTER XXXIII 
MAGNETIC FIELD 


I. Complete the following statements with suitable 
words or phrases : 


(1) The force of attraction or repulsion between two magnetic 
poles is......proportional to the product of their pole strengths and... 
Proportional to the square of the distance between them. 


(2) Magnetic intensity at a point is the force experienced by a 
--placed at that point. 


(3) The unit of magnetic induction is...and that of the strength 
of the magnetic field is... 


(4) The magnetic pole is said to b 
when placed in air at a distance of...fri 
force of... 


eof unit strength which 
om...pole, repels it with a 
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(5) The magnetic intensity at any point on the end-on position 
or on the axial line of a magnet acts along . direction. 


(6) The magnetic intensity at any point on the broadside-on 
position or on the equatorial line of a magnet acts along...direction. 


(7) The space surrounding a magnet is called... 


II. Select the completions from the clues provided 
‘against each of the following statements : 


(1) Inverse Square Law of magnetic force was stated by... 
[Ampere, Ewing, Weber, Coulomb] 
(2) ...is a unit of intensity of magnetic field. 
(Volt, Oersted, Dyne, Gauss] 
(3) ...is the path traced by aunit north pole. The tangent 
at any point on it gives the...of the resultant intensity at that point. 
[direction, line of force, path] 
(4) Magnetic moment of a magnet...... if it is halved breath- 
wise. [increases, decreases] 
(5) Magnetic moment of a magnet...... if holes are drilled in it. 
[decreases, increases, remains same] 


(6) A bar magnet of length L has a magnetic moment M. It is 
then bent into a semi-circular arc. The new magnetic moment is... 


[M, M.L, M/L, 2M/x] 
(7) Magnetic moment is a...quantity and magnetic field is a... 


quantity. iscalar, vector] 
(8) A magnetic field is......when its intensity is same at every 
point. [same, uniform, non-uniform] 


(9) Pole strength of a magnet is expressed in... 
[oersted, volt, gauss, weber] 


(10) When the distance between two magnetic poles is reduced 
to half, the magnetic force between them is increased to...times. 
(2, 4, 8] 
(11) If a short bar magnet be moved away froma point on its 
axial line to double the previous distance, its intensity will reduce to 
«Of its previous value. [2, ith, 3th] 
(12) Ifa short bar magnet be brought to half its distance from 
a point on its equatorial line, its intensity will become...of its pre- 
vious value. [2, ith, th, twice, 4 times, 8 times] 
(13) Ifa magnet is placed along the mag. meridian with its 
N-pole towards north, the neutral points are obtained on its...line. 
[axial, equatorial] 
(14) If a magnet is placed along the mag. meridian with its 
N-pole towards south, the neutral points are obtained on its...line. 
(axial, equatorial] 
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(15) Iron...a magnet. [attracts, does not attract]; 


Hi. Select the correct statements out of the following : 


(1) A lodestone was also called a leading stone because it could 
be used by sailors to lead their ships on the sea. 


(2) Sometimes a magnetised bar exhibits three poles. 


(3) When one pole of a strong magnet is suddenly brought near 
a similar pole of another weak magnet, attraction takes place. 


(4) A non-uniform magnetic field can be represented by parallel 
lines of force. 


(5) For a longer magnet, the magnetic moment is less. 


(6) Pole-strength of a magnet is directly proportional to its 
cross-sectional area. 


CHAPTER XXXIV 
MAGNETOMETRY 


I. Complete the following statements with suitable 
words or phrases : 


(1) When the Deflection Magnetometer is set for Tan-A) 


position, its arms are towards ...... and the magnet is placed ...... to 
the arms. 


(2) In the Tan-B position of the Deflection Magnetometer, its 
arms are towards ...... and the magnct is placed ...... to the arms. 

(3) In a Deflection Magnetometer, ..... pointer is attached to 
the magnetic needle. : 


(4) A/an......fibre is used in the Vibration Magnetometer for 
suspension. 

(5) To eliminate the measurement of moment of inertia, we 
employ ... .. method for the comparison of magnetic moments with 
the help of a Vibration Magnetometer. 


Il. Seles 


t the appropriate completions from the clues: 
provided agai: 


nst each of the following statements : 
(1) Tangent Law is applicable only when 
(a) there are two magnetic fields. 
(b) there are two like parallel magnetic fields. 
(c) a magnetometer is used. 


(d) horizontal component of earths’s 
present. 

(e) two uniform and mut 
fields are used. 


magnetic field is: 


ually perpendicular magnetic: 
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(2) While using a Deflection Magnetometer, ...... method gives 
more accurate results. [Null, Deflection} 
(3) While using a Deflection Magnetometer, ...... setting gives: 
more accurate results. [Tan-A, Tan-B]; 
(4) Ina Deflection Magnetometer, the given magnet always. 
points towards ...... (north-south, east-west], 
(5) In Tan-A setting of a Deflection Magnetometer, ... is 
kept parallel to its arms. [magnetic needle, aluminium pointer]; 
(6) In Tan-B setting of a Deflection Magnetometer, ... .. is. 
kept parallel to its arms. [mag. needle, aluminium pointer]! 


(7) A magnet is divided up into four equal parts so that the: 
length as well as the breadth of each part is half of the original mag- 
net. Then the pole-strength of each is ...... of the original magnet. 

[2, 3th, th} 

(8) Same as Q, 7 above. Then the magnetic moment of each. 
part is ... of the original magnet. (4, 2th, 3th] 

(9) Same as Q. 7 above. Then the moment of inertia of each 
part is ..... of che original magnet. [4th, dth, 4th]; 

(10) Same as Q. 7 above. Then the time-period of each part: 

DS aatan of the original magnet at the same place. 
[2 times, 3, 4 times, 3th] 
(11) While comparing magnetic moments with the help of a 
Vibration Magnetometer, sum and difference method is applied 


when the use of third magnet is ...... [allowed, not allowed], 
(12) In a Vibration Magnetometer, sum and difference method! 
is possible only when (M,— Ma) is ... .. [large, small, zero] 
(13) In a Vibration Magnetometer, the sum and difference 
method will fail when (M,—,) is...... [infinite, zero); 
(14) Oscillations of a compass needle become...... as we 
approach the North pole of the earth. [slower, faster] 
II. Matching Test : 
Column A Column B 
(1) Tangent Law—the principle (a) (4 p 
of a Deflection Magnetometer. Ta 
(2) Comparison of magnetic mo- Hids mE 
ments by a Deflection Magnetometer. ® 12 AF Ey etn 
(3) Comparison of magnetic mo- ( L?+B? 
ments by a Deflection Magnetometer ©) 12 PaaS 
by Deflection Method. 
(4) Comparison of magnetic mo- | (q) (+) tan ê, 
ments by a Deflection Magnetometer 27 tan bz 


by Null Method. 
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(5) Moment of inertia of a | (e) F=A. tan 8 
rectangular bar magnet. 


(6) Moment of inertia of a cylin- | (f ) M.H. sin 9 
drical bar magnet. 
(7) Comparison of magnetic mo- | (g) 1 
ments by a Vibration Magnetometer. 


(8) Moment of couple acting on | (h tan 0, 
a deflected magnet. tan Oy 


(9) Product of time-period and G) m?n? 
frequency. 


Ni*—Nna 


IV. Tick Mark Test (i.e. Choose the correct statements) : 


(1) Intensity of magnetic field at a point is proportional to the 
square of the distance. 


(2) Tangent Law is used in the Defleciion Magnetometer. 


(3) A Vibration Magnetometer can be used for comparing the 
pole-strengths of two magnets. 


(4) The magnetic needle in a Deflection Magnetometer box 
always indicates North-South direction. 
(5) Ina Vibration Magnetometer, n o4/H or ~v M. 


(6) The absolute value of H can te calculated by using both the 
Deflection and Vibration Magnetometers. 


CHAPTER XXXV 
TERRESTRIAL MAGNETISM 
I. Completion Test : 


(1) The N-pole of earth’s magnet is towards the geographical... 
(2) The knowledge of earth’s......is necessary to study the 
imtensity of the earth’s magnetic field. 
(3) Magnetic elements of earth are (a) ...... (0) cesar O 
(4) Declination is the angle between...... at a place. 
(5) Dip is the angle between...... and its...... at a place. 


(G)aDhe: re pole of a freely suspended magnet in the northern 
hemisphere will dip downwards. 


(7) A mariner’s compass indicates the...... directions. 
© Line joining the places having no value of dip is called 
"sese LINC, 


: (9) Lines joining the places having the same value of dip, decli- 
mation and H are called ...... , ...... and Sn lines respectively. 

(10) Imaginary line joining the places having no value (or zero 
angle) of declination is called ...... line. 
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Ii. Choose the correct completions from the clues pro- 
vided against each statement : 


(1) For finding the corréct value of dip at'a`place with the help 
of a dip circle, ...... readings should be taken. [4, 8, 16, 32, 40] 


(2) A map on which the values of dip and declination at 
various places of the world are shown, is called a ...... 


Bjim is said to occur when a large change in the values of 
[Magnetic storm, Magnetic laxity] 


(4) In the polar region, the angle of dip is ....., 
[b°, 45°, 90°, 180°] 


(5) In a dip circle, its magnetic needle oscillates in a...,.. plane. 
[vertical], horizontal] 
(6) At the magnetic equator, a dip needle will] stay ...... 


[vertical, horizontal] 
(7). Earth’s magnetic field always has a horizontal component, 


except at nu... s 
[magnetic equator, geographical poles, magnetic poles], 


(8) Which of the following statements indicates that the earth. 
behaves like a giant magnet ? 
k (a) The earth spins on its axis, 
(b) The earth revolves round the sun. 
(c) Electrically charged Particles emitted by the sun are-able to. 
reach the earth. ; 
(d) Auroras appear’ both at the north’ ahd south poles of the 
earth. n 


HI. Choose the correct statements : 


(1) H=R. sin ¢ for earth’s magnetic elements. 

(2) At the magnetic poles, the dip needle will stand vertical, 

(3) Isogonic line is a line passing through the places having the 
same dip. 

(4) Earth behaves as a magnet though it is not made of iron, 

(5) Due to the movement of the ship on the sea, a Mariner’s 
compass does not remain horizonal. 

(6) A weaker magnet will make more swings in the earth’s field. 
during same interval. 

(7). Magnetic maps are used by sailors to find out the right 
(correct) direction of a place after adding the angle of declination to. 
the original geographical meridian, 


Short-Answer Questions 


1. Why are artificial magnets preferred to natural magnets ? 
Ans. A natural magnet or a lodestone has three drawbacks : 


(i) It is very weak in strength while in practice we need 

strong magnets. 

(ii) It is irregular in shape while in practice we need magnets 
of definite but various shapes. 

(iii) It is brittle and so it cannot be chiselled into any particular 
shape. It will not last long also. 

These drawbacks have been removed in artificial or man-made 

magnets. Hence their preference over natural ones. 


2. While making a permanent magnet, what essential properties 
will you look for selecting a material ? 


Ans. (i) High retentivity ; (it) High coercivity ; 

(iii) Large hysteresis loss : 

(iv) Immunity to loss of magnetism by alternating fields, 

mechanical ill-treatment or temp. changes. 

3. Is there such a thing as unmagnetisable steel ? 
A Ans. Yes. The effect of alloying magnetic steel with manganese 
is very curious. If the latter element is present to the extent of exactly 
15%, the alloy will be almost unmagnetisable (its magnetisability or 
een moment being less than 1/7000 of that of good magnetic 
steel). 

4. What determines the lifting power of a magnet ? 


Ans. The lifting power ofa magnet depends upon its strength 
and shape. The lifting power of a horse-shoe haenen 3t0 4 mes 
greater than that of a bar magnet of the same strength. 


5. Why is it that the lifting power of a magnet will gradually in- 
crease when the load is also slowly increased ? i ora aN 

Ans. This is a curious and inexplicable character of a magnet 
by reason of which it will bear a load far in excess of its original 
lifting capacity. When the increased load is removed, the power of 
the magnet again falls to íts original value. 

6. ‘A magnet attracts only a magnet’ —how will you justify this 
statement ? 

Ans. When a magnet is brought near a magnetic substance, say 


an iron piece, induction takes place. The inducing pole of the magnet 
induces opposite pole on the nearer end of the iron piece and similar 
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pole on the other end. Since unlike poles attract each other, attrac- 
tion takes place between the magnet and the iron piece. Thus the 
iron piece first becomes a magnet by induction and then only it is 
attracted by the magnet. In other words, a magnet attracts only a 
magnet since induction precedes attraction. 


_ 7. When one pole of a strong magnet is suddenly brought near a 
-similar pole of another weak magnet, attraction takes place instead of 
repulsion. Why ? 


Ans. If the strong magnet is slowly brought near the weak 
magnet, repulsion will take place between their approaching similar 
poles since the requisite time to exhibit their (mutual) repulsion is 
available to the poles. But when the strong magnet is suddenly 
brought near the similar pole of the weak magnet, induction takes 
place. Since the strength of the induced pole depends upon the 
strength of the inducing pole as well as upon the distance between 
itaem, the induced pole not only nullifies the polarity of the weak 
magnet but also changes this polarity. Evidently, the attraction will 
now take place between the opposite poles. 


8. How can you show that a given bar is a magnet, without the 
saul of any other equipment ? 


Ans. Break the given bar into two pieces. If attraction or 
repulsion takes place on bringing one end of one piece near any one 
-end of the other piece, then the given bar isa magnet. We know 
that each piece of a magnet when broken into parts will be a com- 
‘plete magnet in itself having two poles. 


9. How will you distinguish between two similar-looking pieces 
of iron, out of which one is a magnet, when no additional equipment is 
-available ? 

Ans.(i) : We know that maximum quantity of iron filings sticks 
to a magnet at its two ends (where its poles are situated) and none at 
all at its centre (known as its neutral region). Now take one (say A) 
-of the given iron pieces in your hand and let the other piece (say B) 
lie on the table. Touch the middle part of B with one end of A. If 
there is no attraction, then the piece A (which is in your hand) is an 
yunmagnetised bar while B is a magnet. On the other hand if there is 
,attraction, then A is a magnet and B is an unmagnetised bar. 


[Note : (i) We cannot suspend the given pieces since the 
‘thread, an additional equipment or apparatus, is not available. 

(ii) We can not distinguish between them on the basis of 
attraction because attraction (as well as repulsion) is mutual, i.e. a 
‘magnet attracts iron and an iron piece attracts a magnet. ] 

Ans. (ii) : Use single touch method and several times rub A 
‘over B. Now test whether there is repulsion between their ends. If 
you experience repulsion, then A is the magnet which has magnetised 
-B also. If there is no repulsion, then B is the magnet. 
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[Note : This method will fail if one of the given pieces is of 
soft iron.] 


, 19, It ts suspected that a magnetised steel rod has a north pole at: 
each end. How would you test this ? 


Ans. When suspended, an unmagnetised rod will stay in any 
direction and a magnetised rod will stay in north-south direction. But 
a magnetised rod having consequent pole at the centre (and two 
similar poles at its ends) will stay in east-west direction on account of 
two equal and opposite couples acting on it. 


11. What happens when a test-tube loosely filled with iron filings: 
is laid horizontally on a table and stroked with one pole of a magnet 
several times in the same direction ? 


Ans. On testing, this test tube is found behaving like a magnet. 
These iron filings can be supposed to be representing Weber’s mole- 
cular magnets. When a magnet is rubbed along the tube several times. 
in the same direction, the iron filings on the top arrange themselves 
along parallel paths and exhibit polarity at the end of the tube. [If 
we now apply a jerk to the test tube, it is found to have lost magne- 


tism since the iron filings have again brought themselves to a. 
haphazard arrangement.] 


12. Can the strength of a magnet be increased upto any value Y 
Explain. 


Ans. When a piece of nickel, iron or cobalt is magnetised 
by contact method or by electrical method, its strength goes on 
increasing as the number of rubbings or the strength of the current 
goes on increasing since more and more groupings of molecular 
magnets break up and thus an increasing number of molecular mag- 
nets arrange themselves along parallel paths. But this happens upto 
a certain limit. This limit is reached when all the molecular magnets 


are arranged along parallel paths. [This stage is known as magnetic 
saturation.] 


13. How can you prove that the two poles of. a magnet are of 
equal strength ? 

Ans. (i): According to Weber’s theory of molecular mag- 
netism, in a magnet these molecular magnets are arranged along 
parallel paths in such a way that their north poles point in one direc- 
tion and south poles in the other (or opposite) direction. Since the 


number of these poles are equal, both the poles of a magnet must 
have the same strength. 


Ans. (ii) : Place a magnet ona piece of cork floating on water. 
The magnet, along with the cork, will simply rotate and stay in the 
north-south direction even when displaced from the original direction 
several times. There will be no translatory motion—confirming that 


both the poles have equal and opposite strengths so that a couple acts: 
on the deflected magnet. 
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14. Why is magnetism concentrated at the ends of a magnet ? 


_ Ans. In an unmagnetised bar, the molecular magnets are 
pointing at random in all directions (Fig. 5-2-a) forming closed chains 
so that there are no free ends ofa molecule. But in a magnet thesé 
molecules are in alignment* (Fig. 5-2-6) so that their north poles 
point in one direction and south poles in the other direction. In the 
middle of the magnet, north and south poles of molecular magnets 
are still in juxtaposition and neutralise each other’s effects, but at 
the ends there are rows of un-neutralised poles. That is why mag- 
netism is concentrated at the ends of the magnet. 
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Fig. 5-2 


15. Why are the poles situated a bit inside a magnet and not just 
at its ends ? 

Ans. The fact that a bar magnet’s poles occupy a considerable 
area and are not confined to the extreme ends of the bar is explained 
by the mutual repulsion of the poles at the ends, which causes the 
molecules to spread out into the fan-shape (Fig. 5-2-b). On drawing 
tangents to these molecules, we shall get a point, a bit inside each 
end, from which these tangents will diverge. These points are the two 
Poles of the magnet. 

16. How can you magnetise a flat steel ring so that it may ex- 
hibit polarity at opposite ends of a diameter ? 


Ans. Heat the given steel ring to a 
high temp. and then hold it between the poles / 
of a powerful horse-shoe magnet in such a 
away that the diameter of the ring lies along 
the line joining the two poles of the magnet 
(Fig. 5-3). 

The molecules af a substance are always 


vibrating slightly (except at the temp. of Fig. 5-3 
absolute zero). But when it is heated, its molecules vibrate more 


violently. Thus the molecular magnets of the stee] ring come into 
an unstable equilibrium. These molecules are brought into alignment 
by the field of the horse-shoe magent and this alignment will become 


*This alignment is supported by many facts. Some facts have been dealt 
with in these questions. Other facts are (i) slight increase in the length of a bar 
magnet on magnetisation, (ii) production of clicking sound on suddenly magne- 
tising or demagnetising a bar, (iji) production of heat by rapidly magnetising and 


demagnetising a substance. 


274 SHORT ANSWERS AND OBJECTIVE TYPE QUESTIONS IN PHYSICS 


permanent when the steel ring cools down to room temp. Thus 
the ring acquires two poles at opposite ends of its diameter as shown 
in Fig. (5-5). 

17. How can you magnetise a flat steel ring so that it may exhibit 
ne polarity ? 

Ans. Rub one pole of a powerful magnet along the circum- 
ference ol the ring and gradually ` 
go on increasing the radius of 
this circumference. This will 
break the closed chains and will 
bring molecular magnets in align- 
ment or along parallel paths (tig. 
5-4-a), But the ring will not 

f exhibit any polarity since there 

(@) Figs 5-4 () are no free poles of molecular 
magnets. [The poles will appear as soon as the ring is now cut at 
any place (Fig. 5-4-b)]. 


18. How would you prepare a magnet without using nickel, iron 
or cobalt ? 


Ans. This can be done with the help of electric current. 
When current runs through a copper solenoid, the solenoid behaves 


Fig. 5-5 Fig. 5-6 
like a bar magnet (Fig. 5-5). With the increase of current, its mag- 
netic power increases. So the magnetism is due to the movement of 
electrons which produces current. If the current js flowing clock- 
wise, that end will be S-pole and for anticlockwise* flow of current, 
it will be N-pole. This can be verified by observing repulsion bet- 
ween one pole of a magnet and the current-carrying coil attached 


“Anticlockwise moment is +ve and N-pole is also +ve. On the other 
hand, clockwise moment is negative and S-pole is also taken a; a negative pole. 

A unit north pole, when placed outside the solenoid or in the vicinity of 
a bar magnet, is attracted by the south pole and repelled by the north pole of 
the solenoid or magnet Hence, like an induction line of force, a north pole will 
move inside the solenoid, away from the south pole towards the north pole: 


a ee 
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to the terminals of a floating voltaic cell (Fig. 5-6—this arrangement 
is known as De la Rive’s Floating Battery). 


19. What is the cause of the earth’s magnetism ? 

Ans. There are two modern views : 

(i) Due to intense heat and enormous pressure inside the earth, 
large deposits of iron have become magnetised inside it, Hence the 
earth behaves as a magnet. 

(ii) Magnetism is also attributed due to the movement of elec- 
tions. There is a stream of electrons flowing in the regions of the 
earth’s crust and in the air aboveit. As the earth revolves from 
West to East, there isa constant stream of electrons in the higher 
atmosphere from East to West : the atmosphere lagging behind the 
earth’s revolution. This probably produces a magnetic field —North 
and South (in a direction perpendicular to the plane of the current.) 


20. Are the mametic forces too available in the outer space as 
they are inside the carth ? 

Aes. Yes. Just like earth, many stars have magnetism. Every 
year, a number of dark spots appear on the sun. By examining the 
light sent out bv the atoms near the sun spots, scientists find that 
these atoms have been affected by magnetic fields from the outer 
space. 


21. How can a steel bar be magnetised by hammering ? A 


Ans. (i) : Before hitting the bar gently and constantly with 
a (wooden) hammer, hold it in a position parallel to the earth’s 
magnet. [The exact direction of the earth’s magnet at a Place can be 
known with the help of a Dip Circle.] 


, (ii) : Before hitting the bar with a hammer, place it symmetri- 
cally on as well as along the length of a powerful bar magnet, 


In each method, the molecules in the bar get additional energy 
and are shocked physically from a deranged order into a definite 
arrangement (of North and South) on account of earth’s* magnetic 
field or that of the magnet underneath. The bar thus becomes 
magnetised. 


22 What is the effect of placing two equal magnets, end-to-end, 
with the opposite poles in contact ? : 


Ans. If we place two equal magnets, end-to-end, with their 
opposite poles in contact, the combination behaves as a single mag- 
net of double the length but of same pole-strength since the area of 
cross-section (and therefore the number of un-neutralised mole- 
cular magnets at each end) remains same.. This follows from: Weber’s 


“On account of induction of earth’s magnetic field, iron pillars embedded 
with their one end in the earth, become magnetised. For the same reason, a 
¢arpenter’s tools left untouched for several months are found magnetised. 
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theory of molecular magnetism. Becauce the magnetic moment 1s. 
equal to the product of tne length and the pole strength of the mag- 
net, therefore the magnetic moment of the combination will also. 
become twice. 


23. What is the effect of placing two equal magnets, one upon the 
other, with their like poles in contact ? 


Ans. In this combination, the length remains same but the 
pole-strength will become twice since the cross-sectional area becomes. 
twice. This follows from Weber’s theory of molecular magnetism. 


Here the magnetic moment of the combination will also become 
twice. 


24. Why dozs a single bar magnet gat demagnetised by itself ? 


Ans. According to Weber’s theory, a magnet consists. of 2 
number of molecular magnets with their north poles directed towards. 
one end and south poles towards the 
other. The free or unneutralised poles. 
N, Sat the ends induce poles at the 

Hig. 5-7 ends of molecular magnets, like n—s, 

opposite to those which are already 

present—thus trying to demagnetise the molecular magnets (Fig. 5-7). 

This results in the demagnetisation of the magnet by itself after some 
time. [This effect is greater for shorter magnets.], 


25. A single bar magnet gets demagnetised by itself. How can 
this be prevented ? 


Ans. This demagnetisation can partly be prevented by keeping 
magnets in pairs with their unlike poles together so that the poles of 
one magnet induce the same poles on those of the other magnet. Yet 
there will be some loss of magnetism from the ends. of the combina- 
tion. To avoid this, we keep keepers (soft iron pieces), at the two 
ends so that the magnetic lines of force are continuous throughout 
the body of the combination. 


26. How can a magnet be effectively demagnetised ? 


È Ans. G) : Heat the magnet to the Curie Point and then allow 
it to cool while lying in E—W direction. 


[Note : This method may spoil the material of the magnet.] 


Ans. (ii) : Place the magnet inside a solenoid kept in E-W 
direction. With the help of a transformer pass an A C. through the 


solenoid at 12—24 volts. After sometime slowly remove the magnet 
far away from the solenoid. 


27. Why are most of the lines of force, due to a magnet, curved ? 


f 
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Ans. A magnetic line of force is defined as the path along 
which a unit north pole will travel in a magnetic field. Consider a 
point P somewhere in the field of the 
magnet VS (Fig. 5-8). Imagine a unit 
north (or-+1) pole placed at P. Under 
the influence of N-pole alone, the -+1 pole 
atP will travel along NFQ, and under the 
sole influence of S-pole, along PS. Under 
the combined influence of both the poles, 
the +1 pole at P will move along the 
direction PR of the resultant intensity at 
P. But the moment the unit north pole 
starts moving along PR, the direction of 
the resultant intersity changes and this change of direction continues 
as the unit north pole moves onwards. This results ina curved line 
of force, starting trom N-pole and ending on S pole. 


[Note : PR is tangential to the magnetic line of force.] 


28. Why can’t two magnetic lines of force intersect ? 


Ans. A magnetic line of force is the path along which a unit 
north pole travels in a magnetic ficld and the tangent to it at any 
point gives the direction of the resultant magnetic intensity at that 
point. And suppose that two magnetic lines of force intersect at some 
point. Then at the point of intersection, there will be two different 
tangents (to the two lines of force) representing two different direc- 
tions of magnetic intensity which is impossible. Moreover, -+1 pole 
placed at their point of intersection can never travel simultaneously 
along two different tangents or paths. Hence the two magnetic lines 
of force either should coincide and become one path or should not 
‘intersect. 


[Note : This applies to electrical lines of force also.] 


29. What are ferro-, para-, and dia-magnetic substances ? 

Ans. The three substances—iron, nickel and cobalt—are so 
vastly more magnetic than any other substance that they are placed 
in a group by themselves ; they are said to be ferro-magnetic. The 
permeability of iron is as great as 2000, that of nickel 300 and of 
cobalt 259. No other substance has permeability approaching these, 
in fact its value in all other cases is very nearly unity. Nevertheless, 
nearly all substances have feeble magnetic properties. Para-mag- 
metic substances (e g. tungsten, aluminium, manganese, chromium 
‘and oxygen) have a p-rmeability greater than unity and dia-magnetic 
‘substances (e g. bismuth, zinc, copper, antimony, lead, mercury, 
water, and alcohol) a permeability* less than unity. 


Fig. 5-8 


eae vs : mı X mM, 4 5 
*ų represents permeability in the relation F= X =a while k is 
ibility i i = Thus magnetic susceptibility will be 
susceptibility in the relation p 1+4nk, u 2 p 
positive for para-magnetic substances and negative for dia-magnetic substances, 
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30. How will you distinguish a dia-magnetic substance from @ 
ferro-magnetic or a para-magnetic substance ? 


Ans. (i): A rod of a ferro-magnetic or para magnetic substance 
will set, when suspended in a magnetic field, with its length in the 
direction of the field while a rod of a dia- magnetic substance will set 
with its length at right angles to the field. 


Ans. (ii): A piece of a ferro-magnetic or a para-magnetic 
substance tends to move from the weaker to the stronger parts of a 
magnetic field while a piece of a dia-magnetic substance tends to move 
from the stronger to the weaker parts of the field. 


31. What is magnetic screening ? 


Aus, It is the phenomenon in which a magnetic substance 
acts as a screen in a magnetic field. Best results will be obtained on 
using soft iron, possessing maximum permeability. Ifwe place a soft 
iron plate AB in the field of a magnet, there will be re-distribution of 
lines of force such that maximum lines of force are concentrated with- 
in the plate and no line of force passes straight through it (Fig. 5-9-4). 
Thus the space P on the right hand side of AB is shielded from the 
magnetic effect of the magnet. [This can be verified by placing a 


compass needle on the side of P ; the needle remains unaffected and 
continues to point north-south.] 


(a) Fig. 5-9 {b) 


32. What is the use of magnetic screening ? 


Ans. Ifa mag. compass is placed inside a stout soft iron ring 
or shell Q, the earth’s magnetic field does not affect it. Fig. (5-9-6) 
shows how the magnetic lines of force are distorted away from the 
inside of the ring. Apparatus which must be operated in the absence 
of a magnetic ficld is shielded in this way by surrounding it with soft 
iron. Watches kept inside an outer soft iron ring become anti- 
magnetic, 


[Note : (i) Conduct your magnetic experiments well away 
from other magnetic materials (e.g. gas pipes, retort stands) in the 
laboratory. Check that there are no iron pipes under the surface of 
the table. 


(ii) Electric lines of force can not pass through an earth- 
connected conductor. It is known as electrical screening. | 
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33. Is it possible to use a mariner’s compass in a submarine ? 


Ans. No. The reason is that the submarine has an enclosing 
shell of iron which shields the compass from the influence of the 
earth’s magnetic field. Consequently, the compass will not work at 
all due to magnetic screening. It will rest in any direction. 


[Note : A mariner’s compass is disturbed by the ship’s magne- 
tism. This effect on the compass can be eliminated by placing two 
soft iron spheres, one on each side of the compass and on a level with 
it] 

34. While tracing a magnetic field, why is the compass needle 
suddenly reversed in direction as it crosses the neutral point ? 


Ans. Near the magnet, its field (F) predominates while farther 
from the neutral point the earth’s magnetic field (H) predominates. 
Since the compass needle will show the direction of the resultant field 
at any point, these directions are diametrically opposite to each other 
for two points, one on each side of the neutral point. Hence the 
above mentioned behaviour of the compass needle on crossing the 
neutral point. 


[Note : There is greater friction between the iron filings and 
the paper than between the compass needle and its pivot. That is 
why if the magnetic field is plotted with a small plotting compass 
the field is found to be more extensive than is shown by the iron 
filings.] 

35. What is the difference between a neutral point and a null 
point ? 


Ans. At a neutral point, the ‘magnetic field of the magnet is 
completely neutralized by the earth’s horizontal field. [here is no 
resu'tant field at such a point and a compass needle placed at that 
point points in any direction. 


At the null point, the field due to one magnet is balanced by 
the ficld due to another magnet. The resultant field at such a point 
is the earth’s horizontal field and the compass needle in this position 
will stay in the magnetic meridian. 

[Note : (i) If the earth’s field somehow vanishes, there will be 
nowhere a neutral point. 

(iz) If the magnet is reversed pole for pole 
the resultant field at that point then will be 2H.) 


36. The compass box of a Deflection Maynetometer i s; 
any other non-magnetic he Will fe ee ae a i 
compres box is made of, say, iron ? 3 

Ans. Yes, there will be an appreciable harm. The permeabj- 
lity of iron is very high. Hence, the lines of force due to the SEN 
magnetic field (H) as well as those due to the magnetic field (F) an 
the magnet kept on the arm of the magnetometer shall all tend to 
pass through the iron box. Consequently, there will be no lines of 


at a neutral point, 
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force inside the box and the needle will be screened from the influence 


of H as well as of F. The magnetometer will thus be rendered 
useless, 


37. Why should the magnetic needle in the Deflection Magneto- 


meter be small? Can’t wz use a long needle and do away with the 
pointer ? 


Ans. Working of a Deflection Magnetometer is based on 
Tangent Law which requires two mutually perpendicular and uni- 
form magnetic fields acting on the magnetic needle. Of course, A 
needle, whether short or long, will always move in a uniform fiel 
(H) due to earth, but the field (F) due to a bar magnet can e taken 
approximately uniform at long distances from it and over small ara 
only (in reality we calculate F at the centre of the needle). Obvious Y 
a long needle shall not move in a uniform field of a bar magnet. 
Hence we can not use a long needle and therefore we have to use a 
long and light pointer of aluminium in order to read deflections (of 
the needle) more conveniently and accurately. 


38. There will be. deflection in tha needle of a Deflection 
Magnetometer even if the field due to the bar magnet used is PhD 
form. Then why should we insist that this field be necessarily uniform ? 


Ans. The aim of using a Deflection Magnetometer is not only 
to get somehow a deflection in the magnetic needle, but the deflec- 
tion should be according to some law whereby calculations to obtain 
the value of some unknown quantity can be made. In the present 
case, the needle should obey Tangent Law. 


39. For comparing the magnetic moments with the help of a 


Deflection Magnetometer, which method is better - deflection or null ? 
And why? 


Ans. Null method is better than deflection method because it is 
easier and more accurate to see than to read a deflection. In deflec- 
tion method, we have to read the deflection of the magnetic needle 
and there is always some error in reading a deflection on account of 
instrumental limitations, On the other hand, in null method the 
needle will show zero deflection, i.e. it will remain in its original 


position and the eye is very sensitive for noticing even a very small 
deflection. 


Moreover, any factor which causes a change of deflection will 


produce the same effect on both the magnets in null method and 
hence this effect will be neutralized. 


40. While using a Deflection Magnetometer, which setting will 


you prefir—Tan-A or Tan-B? Is there any special reason for this 
preference ? 


Ans. Tan-A setting (or First Position of Gauss) is preferred 
to Tan-B setting (or Second Position of Gauss). The reason is that 
in Tan-A setting we use a bar magnet on the arm of the magneto- 
meter in such a way that the centre of magnetic needle lies at its 
axial line and it produces a field intensity Fı=2M/r? at the centre of 
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the magnetic needle. Butin Tan-B setting the same magnet has the 
centre of the magnetic needle lying on its equatorial line so that its 
field intensity F,=M/r at the centre of the needle located at the 
same distance r. If the needle shows deflections 6, and ĝy'in the two 
settings respectively, then 


2 M 
P= 2 Mon. tan, and F, =; =H, tan 0, 
F,  tan6, 
‘Fy tan 6, 
Since the deflection in Tan-d setting will be greater than that 
obtained in Tan-B setting, there will be less percentage of error in 


reading the deflection in Tan-A setting and thus the accuracy of the 
result will be enhanced. 


=2 or 6,>6, 


[Note : It is wrong to say that 6,=2.0, unless the angles are 
very small, since in that case tan @=6. But small angles we do not 
want. Why? See Q. 41.] 


41. What are the limits between which you would like the d flec- 
tions to lie while using a Deflection Magnetometer ? And why ? 


Aas. The deflection should preferably lie between 40° and 55°. 
The reason is that the variation in the value of tan 0 is large when 
4 is small as well as when 6 is large. Hence the deflection should 
neither be too small nor too large. If the deflection lies between 
40° and 55° and even if we commit an error of 1° in its measurement, 
the error in the result is nearly 3%. (In actual practice, the error 
in reading a deflection is less tnan 0 5°). If the angle lies outside 
these limits, the error is considerable. 


42. Why and what is the ideal value for deflection in the case of 
a Deflection Magnetometer ? 


Ans. It is 45°. When the deflection of the needle has this 
value, the error shall be minimum. For 


F=H. tan 6 
or dF=H. sec? 0.dg 
dr sec? 0 2 
F tano sin 20 at 


For maximum accuracy, d?/F must be minimum which is possi- 
ble only when sin 29=maximum= 1 or 26 =9)°, or 0=45°. 


43. A powerful magnet is kept on one arm of a Deflection Mag- 
netometer. Can the needle deflect through 90° ? Beplain, 


Ans. Under no condition, the needle can deflect through 90°, 
Using the relation based on Tangent Law : 


F=H tanb 


since tan 90° =infinity, therefore the field intensity F of the magnet 
at the centre of the needle will also be infinite which is impossible, 
howsoever powerful a magnet may be. 
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44. A powerful magnet is kept on one arm of a Deflection Mag-- 
netometer. Can the needle still show the deflection of 0° ? Explain. 


Ans. Deflection of 0° means that the needle stays along the 
direction of H. This is possible only when the given magnet produces. 
at the centre of the magnetic needle its field F : (i) alone the direc-- 
tion of H so that the resultant field becomes (H-+F) or (ii) opposite 
to H but less than A so that the resultant field (A — P) is still along H. 
This aim is achieved when the given mignet is placed (at a suitable 
distance) perpendicular to the arm of the magnetometer in Tan-A 


Setting or parallel to the arm of the magnetometer in ‘Tan B setting 
(Draw diagram yourself). 


45. A powerful magnet is kept on one arm of a Di flection Mag- 
nelometer. Can the needle deflect through 180°? Bxplain. 


Ans. Deflection of 180° means that the poles of needle ex- 
change their positions. This is possible only when F is opposite to 
H and is greater than H so that the resultant intensity becomes 
(F—H). For this purpose, the given magnet is kept on the arm of 
the magnetometer (at a suitab'e distance) perpendicular to the arm 
of the magnetometer in Tan-4 setting or parallel to the arm of the 
magnetometer in Tan-B setting such that its N-pole points towards 
north in Tan-4 setting and towards south in Tan-B setting. 

46. For a Vibration 
have for the selection 
good choice 2 


Magnelometer, what considerations will you 
of the material for suspension and which will be a- 


..,. Ams. In the formula for the time period of a vibrating magnet, 
1t is assumed that the only couple acting on the magnet and influenc- 
ing its motion is earth’s horizontal field (H) alone. The torsional 
reaction due to suspension is supposed to be ne 
unspun silk fibre, which ha: 
ployed. However, a horse-hair is alwa 


[Note : Suspension cannot be of cotton which is hygroscopic 
and also twists easily.} 


47. In a Vibration Magnetometer, can’t we use a 


fine metallic 
wire which will have no twist and the twist-removing operation need 
not be done ? 


Ans. It is true that in this case, there will be no initial twist 
in the suspension wire. But this suspension will be absolutely useless 
since at the latter stage when the magnet will perform oscillations, 
the wire will get twisted and there will be a torsional couple acting 
on the wire, which will tend to bring back the magnet. Thus the 
formula for the time-period will not be valid. 


48. Will there be any difficulty 
perfectly horizontal in the stir 
plain. 


if the vibrating mamet is not 
rup of a Vibration Mugnetometer? Ex- 
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Ans. Yes, there will be two-fold difficulty. Firstly, according 
to the formula, the magnet should oscillate in the horizontal compo- 
nent (H) of earth’s magnetic field. Hence, the use of the formula 
in this form shall be justifiable only when the vibrating magnet is 
truly horizontal. 


` Secondly, the axis of rotation (i.e. the suspension fibre) should 
pass vertically through C.G. of the vibrating magnet since the for- 
mula for the moment of inertia of the magnet used here is derived for 
this mode of vibration of the magnet. 


49. Suppose, instead of putting the vibrating magnet flat in the 
stirrup, it is placed on its length and thickness. Will its time-period 
change and in what manner ? 

Ans. Yes, its time-period will change. The time-period of a 
vibrating magnet is dependent not only on M and H (which remain 
constant here) but on its mement of inertia (Z) also. Formerly, Z 
depended upon the length and breadth of the magnet; now it will 
depend on its length and thickness (its mass remaining constant), 
Since the breadth of a magnet is usully more than its thickness, 
hence its moment of inertia will diminish in the second case ; 
consequently, the time-period will be reduced (from the formula 


t=27 y I/MH). 


50. Why is the stirrup in a Vibration Magnetometer made of a 
light substance ? 

Ans. In the formula for a vibrating magnet 
inertia of the stirrup has been neglected. Hence 
stirrup should be negligible in comparison with the mass of the mag- 
net. Or better still, this type of stirrup should be removed altoge- 


ther an1 the magnet suspended in a double loop made at the end of 
suspension fibre, 


» the moment of 
the mass of the 


51. Suppose we have two similar magnets. How will you judge: 


which of the two is a stronger magnet without the aid of any third “‘mag- 
net but the earth? 


Ans. The time-period of a vibrating magnet is : 


T i a 
1=2; =n 
NI ME "N maf 


Since J,1 and H a 
tims-periods will be inver: 


re same for both the magnets, hence their 
sely proportional to the square root of their 
pole-strengths (i e. the stronger the magnet, the less will be the 
time-period) Hence, in order to find out which one of the two 

ets is stronger, measure their time-periods when oscillating in a 
Vibration Magnetometer turn by turnin the earth’s field, The one 
with loss time-period will be stronger of the two. 


52. Tokesp the field uniform, a short magnetic needle is used in 
ihe Diflection Magnstometer. But the vibrating magnet is fairly large 
in the Vibration Magnetometer. Why should we not object to this ? 
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Ans. For the Deflection Magnetometer, see answer to Q.37 
above. z 


In the Vibration Magnetometer also, the oscillating magnet 
vibrates in a uniform field, which is provided by the horizontal com- 
ponent (H) of earth’s magnetic field. Even if the magnet is a long 
one, it executes its oscillations in a uniform field since H is uniform 
over a sufficiently wide area in a locality. 


[Note : Same reason applies to the use of a long needle in a 
Dip Circle.] 


53. How will the deflection and vibration magnetometers behave at 
the poles of the earth’s magnet ? 


Ans. At the magnetic poles (where dip is 94°), the value of H 
is zero ( *.\H=R.cos 6=R. cos 90°=0). Hence, no restoring couple 
{=M.H. sin) will be available for the needle of the deflection 
magnetometer. Consequently, the needle will take up any position 
it likes, and when the deflecting field (F) will he applied, the needle 
will set itself parallel to the lines of force of this field (F). 


Similary, when the magnet is placed in the vibration mag- 
netometer, it shall execute no oscillations. 


54. Since a compass does not point true (or geographical) North, 
how are ships steered accurately by its use ? 


Ans. The error or deviation of a compass increases as it ap- 
proaches the poles and an allowance has to be made for what is known 
vas the angle of declination. This value is shown on declination (or 


magnetic) charts to which navigators refer when steering ships by 
the magnetic compass. 


55. A compzss needle is horizontal, but a dip needle is not so. 


Both are magnets. How can you justify their different behaviours in the 
earth's same magnetic field ? 


Ans. A compass needle rests on a vertical pivot and can thus 
rotate in the horizontal plane only under the aciion of horizontal 
‘component (H) of earth’s total intensity (R). 

On the other hand, a dip needle is suspended about a horizon- 
tal axis and is free to move in all directions in the vertical plane. 
‘The needle will naturally point in the direction of the earth’s total 
‘or resultant magnetic intensity (R). And in the northern hemisphere 
the effect of the north-seeking pole is stronger (on the clip needle) 
than that of the south-seeking pole in the southern hemisphere, 
which causes the needle to dip because of its proximity to one pole 
‘or the other. Evidently, the needle will dip its north-pointing end in 
the northern hemisphere and its south-pointing end in the southern 
hemisphere. 

56. A bar magnet is held in a vertical position at the carth’s mig- 
netic equator. What are the forces acting on the magnet ? 

Ans. At magnetic equator, the value of vertical component 


(F) of earth’s total intensity (R) is zero and only the horizontal com- 
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ponent (H) acts on the magnet (Fig. 5-1). Hence two horizontal forces. 
(m.H, mH) act on the poles of the magnet constituting a couple whose- 
moment=mdH x 2l= M.H. 


57. A bar magnet is held in a vertical position.at Delhi. What are. 
the forces acting on the magnet ? 


Ans. Delhi is situated neither at the magnetic equator nor at 
the magnetic North or South pole of the earth. Hence the given 
vertical magnet will be acted upon by the resultant Intensity (R) of 
the earth’s magnetism. If dip at Delhi be $°, then the two forces. 
(mR, mR) acting on the magnet will be inclined at an angle ¢ to the 
horizontal (Fig. 5-1) and the moment of this couple=mRx 21 
sin (90—¢)=M.R.cos $. 

58. What direction will adip needle show if placed at a neutral 
point ? 

Ans. Ata neutral point, the field of the magnet is neutralized 
by the horizontal component of earth’s field. Therefore, the magne- 
tic field left at the neutral point will be the vertical component of 
earth’s field which will urge the dip needle to become vertical. 


59. Why is liquid used in a mariner’s compass ? 


Ans. The liquid damps the movement of the disc (beneath 
which are symmetrically fixed a number of light magnets), i.e.. 
Frevents it from swinging about too much. Secondly, the liquid by 


its buoyancy takes away some of the weight of the disc from its Pivot 
thereby reducing friction. 


[Note : Generally the liquid used is wat 


; r er with which alcohol 
has been mixed to prevent it from freezing.] y 


—__ 


Part VI—Electrostatics 


Concise Electrostatics 


1. Electrestatics : Modern theories of electricity state that electric 
charges are an essential part of matter. These charges can be of two 


kinds— positive and negative. The study of electric charges at rest 
is called Electrostatics. 


2. Production of static electrical charges : If a glass rod is 
rubbed with silk, the glass becomes positively charged and the silk 
negatively charged. 

Ifa rod of ebonite is rubbed with fur, the rod becomes nega- 
tively charged and the fur positively charged. A 


There is always an equal and opposite production of two 
charges simultaneously. 


3. Conductors and Insulators : Substances which allow the full 
Passage of clectric charges through them are called conductors, and 
‘substances which do not allow charges to pass are called insulato:s. 
In-between them come partial conductors or partial insulators. 


All metals are conductors, the best good conductors being gold, 
silver. copper, aluminium, green vegetation and ordinary water. The 
good insulators are paraffin. mica, ebonite, porcelein, rubber, sulphur, 
silk, glass, dry air and distilled water. Under partial conductors 
‘come ivory, marble, cotton, Paper, etc. 


4. Coulomb’s Laws: (i) Like charges repel and unlike charges 
attract each other along the straight line joining these charges. 

(ii) The force of repulsion or attraction between two charges 

is directly proportional to the product of their strengths and inversely 
proportional to the square of their distance apart. 
5. E.S.U. of Charge : It is that much charge which when placed 
in air at a distance of one cm. form an equal and similar charge is 
repelled with a force of one dyne. Practical unit of charge is cou- 
lomb : 


1 coulomb= 3 x 10° e.s.u. of charge. 

6. Potential: It is the degree of electrification (as temp. is the 
degree of hotness) of a body which determines the direction of flow 
of charge when this body is brought in metallic contact of another 
body. The charge always flows from a body at higher potential to 
the body at lower potential, without caring for the quantities of 
charges at the two bodies, till both attain the same potential. 


bee Lhe potential at any point is the amount of work done in 
ibringing a unit positive charge from infinity to that point, and is 
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independent of the actual path taken © by the unit charge (otherwise 
energy could be obtained by taking the charge along one path and 
allowing it to return along another path where less work would be 
done when the charge is taken along it). 
Charge 

Distance of this point from the charge 

The potential of earth is zero. Positive charge flows from 
higher potential to lower potential, and negative charge in the 
reverse direction till mutually connected bodies come at the same 
potential. 


All points on the surface of a conductor are at the same 
potential. 


Potential at a point = 


A hollow charged conductor encloses an equipotential space. 


Potential, like work, is a scalar quantity. But no work is done 
in moving a charge across an equipotential surface. 
7. Distribution of Electric Charges 
on the outer surface of a conductor, 


(ii) If the surface of a conducting body is not plane or not of 
Same curvature, then the charge is not equally distributed, There 
is more charge per sq. cm. of surface in an area which is sharply 
curved—the sharper the curve, the greater the charee densi: 
charge density is more on conical points). 


Charge gradually leaks through sharp points by creating a 
similarly charged electric wind, Chis behaviour of charged points is 
fully utilized in lightning conductors and Wimshurst machine. 


8. Electrostatic Induction: A previously unch 
can be given a charge by the Process of inductio 
a charged body, In the presence of the charged 
charge), the conductor is touched by hand in 
it to the earth, Then remove the hand first and then the ind 
charge. The conductor will thus be charged ; its charge will a 
be opposite to the inducing charge. 

(i) The 
amount. 


: (i) Charge always resides 


ucing 
lways 


induced —ve and +ve charges are always equal in 


(ii) When the inducing charge is completely surrounded by a 


(hollow) conductor, then each of the induced charges is equal to the 
inducing charge (Faraday’s Ice-Pail Experiments). 


Note : Charges can not be induced on non conducting bodies. 
9. Electrostatic Field and Lines of Force: The area or space 
over which a charge or charges can exert a force on other charges is 
called an electrostatic field. Like a magnetic field, it has lines of force. 
The properties of electrical lines of force are: 

(i) They start from (the surface of) positive c 
nate on (the surface of) negative ch: 
otherwise on the walls of the room, 


) i harge and termi- 
arge if available in the vicinity, 
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(ii) The number of lines of force which cross a unit area per- 
pendicular io the field indicates the strength of the field at that 
point. 

(tii) Positive charges always try to move down the lines of force, 
i.e, from positive to negative ends and negative charges move up. 

(iv) Lines of force are always perpendicular to the surface of the 
conductor, 

(v) They can pass through insulating materials, but not through 
earth-connected conductors. 


(vi) Equal and opposite charges are distributed at the two ends 
of each Jine of force. 


(vii) Lines of force do not intersect one another. 


(viii) Lines of force tend to contract lengthwise and expand at 
right angles (laterally) to one another. 
The lines of force are all imaginary and have been supposed to 
explain the electrical phenomena. 


10. Gold-leaf Electroscope: It is of great practical importance 
and can be made into a precision instrument. It can be used as a 
detector of electric charge or of potential. The deflection or diver- 
gence of the leaves is proportional to the potential of the body to 
which it is connected when its tin-foils are connected to earth. 


The divergence of gold leaves is due to the difference of 
potential between the leaves and its metallic coatings. The charge 
on the leaves is not the decisive factor. 


The divergence of the leaves indicates a quantitative measure of 
the charge given to the electroscope. 
11. Capacity (or Capacitance) of a Conductor: It is equal to: 
the ratio of the charge and potential of the conductor. It is also- 
defined as numerically equal to that quantity of charge which must 
be given to a body to raise its potential be unity. 


The practical unit of capacity is farad, which is the capacity of 
a conductor which needs one coulomb of charge to increase its poten- 
tial by one volt. 
Ifaa 1 coulomb 3x 10° e.s.u. of charge 
l volt 1/300 e.s.u. of potential 


=9x 10" e.s.u. of capacity. 


12. Capacity of a Sphere: It is numerically equal to its radius. 
Evidently, a sphere of 1 farad capacity will have a radius of 9x 10" 
cm. which is 1400 times the radius of earth. Consequently, we must 
devise a method of increasing the -capacity of a conductor without 
unnecessarily increasing its size. And the answer is the condenser. 

13. Potential Energy of a Charged Conductor is the. amount of 
work done in charging the conductor. 


P.E.=} Q.V =} C.V?=4Q?/C 
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There is always a loss of energy when the charges are shared, 
which appears in the form of heat or as sparks accompanied by 
sound. 
14. Condenser (or Capacitor) : 
one plate charged and the other earthed with a dielectric in-between 
them. Itis used for increasing the capacity of the insulated and 
charged plate or conductor. 
Charge resides on the solid dielectric of a condenser. 
15. Lightning : Lightning usuall 
into the air. It often hits trees. 


better to lie down in a low, open 
and so is a cave. 


Lightning often strikes water, 
a thunder storm. 


It is an arrangement of having 


y hits things that are sticking up 
If you can not run home, it is 
place. A motor car is a safe place 


so you should not swim during 


Objective Type Questions 


CHAPTER XXXVI 
INTRODUCTION 


I. Completion Test : 
(1) Electrostatics is so called because... 


(2) When two bodies are rubbed together...produced are . 
...in amount but are of...nature. 


(3) ...is a surer test of electrification. 
(4) The charge on the electrons is... 
(5) Electric current is caused by the...of electrons. 


(6) When a glass rod is rubbed with a silk piece,...... electricity 
is produced on glass and —ve electricity is produced on ebodite rod 
when this is rubbed with...... 


(7) ......are those which allow the electricity to pass through 
them and...are those which do not allow the same. 


(8) ...precedes attraction. 


(9) There is .....of electrons in the glass rod and...of electrons 
in the silk piece when the glass rod is rubbed with a silk piece and 
electricity is developed. 


(LO), ezeas gave the -+ve and—ve names to the two kinds of elec- 
trical charges. 
II. Selection Test : 
(1) _ ...is the process of acquiring temporary electrification 
under the influence of a charged body. 
[Attraction, Induction, Repulsion] 
(2) Each type of...charges is equal to the...charge. 
[induced, inducing, attracting] 
(3) In the process of induction,...... kind of charge is induced on 
the farthest end while......kind of charge is induced on the nearest 
end of a body. : [opposite, same] 
y (4) Charge on the...body remains the same during the process 
of induction. [induced, inducing, solid] 
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(5) ...resides on the...surface of a charged conductor. 
[charge, current, outer, inner] 
(6) Static-electricity is produced by...... d 
[indzction, friction, battery, simple cell] 
III. Tick-Mark Test 
(1) Char; 
conductor, 


(2) Surface der 
area of the surface. 


( for choosing correct statem-nts) : 5 
ge resides on the inner as well as the outer surface of a 


nsity of charge is the amount of charge on a unit 


(3) Induced charges are of Opposite nature, 

(4) Induction does not occur in insulators. 

(5) Copper is a 

(6) Pith-ball p 
body. 


ti 
good conductor of electricity, 
endulum is used for detecting the charge ona 


(7) For finding the value of “g” ata place, we use pith-ball 
pendulum, 


(8) We remove our hand first and then the charged body when 
we charge the Gold-leaf Electroscope by induction. 


(9) Sharper is the curvature of a spot on a charged body, 
greater will be the surface density of charge at that point. 
he (10) When a charged body touches a hollow 
side, it loses whole of its charge. 
. (1) The distribution of the charge on a conductor depends upon 
its shape and Position, 


(12) Gold-leaf Electroscope is used for detecting the nature and 
Presence of charge on a body. 


IV. Distribute the following iato conductors and 
insulators : 


. . Dry wood ; Glass ; Amber ; Silk ; Water ; 
air; Copper ; Gold ; Oils 3 


conductor from in- 


Haman body ; Dry 
3 Solution of cammon salt; Mercury ; 
Rubber gloves ; Carbon. 


CHAPTER XXXVII 
ELECTRIC FIELD AND POTENTIAL 
I. Completion Test : 


(1) The inverse square law in electr 


ostatics was discovered by... 
-+-and verified experimentally by 
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(2) The force of......0r...... between two charges is.....- propor- 
tional to the...... of their charges and... ..proportional to the...... bet- 
ween them. 

(3) K in electricity is called...... and K for air is...... 

(4), Electric lines of force start from......charge and end at...... 
charge. 

(5) In the electric field, the lines of force...... longitudinally and 

Pass Jaterally. 

(6) Force experienced by a unit +-ve charge when placed at a 

point in an electric field is called...... at that point. 

(7) Force experienced by a stationary charge ‘q’ placed in an 
electric field of intensity H is...... 


(8) 1 volt=......¢.s.u. of potential and 9x 10° e.s.u. of charge 
Teco coulombs. 
j (9) 1 coulomb=charge on...... electrons. 
. (10) Corresponding to temp. in heat, we Ka Vöi in electro» 
statics,....-- in liquids and...... in gases. 


(11) Charge always flows from...... Omena potential. 


II. Selection Test : 


(1) Potential is a......quantity and ficld intensity is a...... 
quantity. [scalar, vector, neutral} 
(2) A gold-leaf electroscope measures...... of a conductor. 

[charge, potential] 

(3) Earth is at...... potential. [zero, infinite, —ve, +ve] 

(4) On the surface of a charged conical conductor, the poten- 

tial is. ... (uniform, non-uniform] 


i (5) A unit electric charge is that much charge, which repels 
another equal and similar charge placed in air at a distance of...... 
with a force of...... [one, two, three, dyne, newton, cm, inch] 
(6) When the proof plane is first touched with a charged body 
‘and then with the disc of a G.L. electroscope, the divergence of 
leaves will show ...-- [charge, potential, charge density] 
(7) A proof plane connected with the disc of a G.L. Electros- 
cope is moved over the surface of a charged body. The divergence 
of leaves will show......of the body. 

[quantity of charge, potential, density of charge] 

(8) Lines of force .....cut one another. 
[always, never, sometimes] 
pheres mounted on insulating supports 
gh a galvanometer. As a large uncharg~ 


car one of the spheres, a momentary 
he galvanometer, The principle directly 


(9) Two charged metal s 
are connected by a wire throu 
ed metal sheet is bought ni 

„Current is observed through t 
useful in explaining this is 


m. 
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(a) the greater the curvature of the surface of a conductor, 
the greater the density of the electric charge. 


(6) a moving electric charge produces a magnetic field. 


(c) the potential of a conductor depends on its distance 
from other charged conductors. 


(10) A negatively charged particle is placed on a st. line joining 
two other stationary particles, each having a charge +g. The direc- 
tion of motion of the negatively charged particle will depend on... 


(a) the magnitude of the charge. 
(b) the position at which it is placed. 
(c) both magnitude of charge and its position. 
IHI. Choose the correct statements : 
(1) Gold-leaf electroscope measures potential. 
(2) We can have a ++vely charged body at 
(a) +ve potential, (b) —ve potential, (c) zero potential. 
(3) We can have an uncharged body at 
(a) +ve potential, (b) —ve potential, (c) zero potential. 


(4) Electric lines of force start from +ve charge and end at 
—ve charge if available, otherwise on the walls of the room. ` 


(5) An equipotential surface is that surface, on which each and 
every point has the same potential 


(6) Potential at a point is the amount of work done in bringing 


a unit + ve change from infinity upto that point against or by the 
electrical forces. 


(7) A small sphere has got a higher potential than a large 
sphere, when the charge on both is same. j 


(8) Coulomb’s Laws can be verified by a Torsion Balance, 


(9) Same kind of charge is given to a G.L. Electroscope on 
charging it by conduction and opposite charge is given when it is 
changed by the process of induction. 


(10) Electrification without touching is ca'led induction. 
(11) There is no charge inside a hollow conductor. 
——___ 
CHAPTER XXXVIII 


CAPACITY AND CONDENSERS 
I. Completion Test : 


e 


(1) Capacity of a conductor" 


(2) Capacity of a spherical conductor is numerically equal to 


294 SHORT ANSWERS AND OBJECTIVE TYPE QUESTIONS IN PHYSICS 


(8) Capaci.y C=—— , for a parallel plate condenser. 

(4) Capacity C=- , for a spherical condenser. 

(5) Leyden jar is a......condenser. 

(6) 1 farad=......e.s.u. of capacity, and 1 ppf=...uf=--F- 

(7) The capacity of a parallel plate condenser...... when a glass 
slab replaces air in-between the two plates. 

(8) The seat of charge in the case of a condenser is its...... 

(9) There always occurs a...... ofenergy, when sharing of the 


charges takes place between two or more conductors. 
(I) 8863 is a practical unit of capacity. 


Il. Choose the correct statements : 


(1) When a charge of 1 e.s.u. raises the potential of a conductor 
by 1 e.s.u., the conductor is said to possess a capacity of 1 e.s.u. 


» (2) A conductor has a capacity of | farad when a charge of one 
coulomb raises its potential by | volt. 


_ (3) When three condensers of capacities C}, Cp, C3 are joined in 
series, their effective capacity C is given by the relation : 
. 1 ji 1 1 
rte OG, 
(4) When three condensers of capacities C,, Cs, Cy are joined in 
parallel, their effective or combined capacity C is given by the 


relation ; 
C=0,4+C,+0, 
(5) Condenser is a device for storing the electrical energy. 
(6) Capacity of a parallel-plate condenser depends on the 
metal used to make the plates. X 


(7) A sphere of capacity 2 farads can be given a potential of 2 
volts by connecting it across a 2-volt battery. 


(8) A sphere of capacity 2 farads can be givena potential of 2 


volts by connecting it to the positive terminal of a 2-volt battery and 
earthing the other terminal. 


(9) A sphere of capacity 2 farads can be given a potential of 2 
volts by giving it 4 coulombs of charge. 


(10) The capacity of a conductor decreases when an earth-con- 
nected conductor is brought near it. 
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Iii, Matching Test : 
Column A Column B 


(1) Electric intensity at a point. | (a) radius 


(2) Electric potential at a point. | (b) = 2-92, 


rè 
(3) Capacity of a sphere. (c) 033x 107? e.s.u. 
: 5 CV, +C.V 2 

(4) Capacity of a Leyden jar. (a) ae, 
(5) Common potential (V) when le) Q 

two charged conductors are 4 

brought in contact. 
(6) One volt equals (f) alr 
(7) Relation representing (g) alè 

Coulomb’s Laws. 
8) Capacity of a conductor. KA 
( pacity @) = 


CHAPTER XXXIX 


INDUCTION MACHINES AND 
ATMOSPHERIC ELECTRICITY 


I. Completion Test : 


(1) .....-was the first to prove that clouds are charged awith 
electricity. 
(2) Electrophorous is based on the process of...... 


(3) In the electrophorous, mechanical work is the source of ... 
(4) Discharging of the two oppositely charged clouds causes 


(5) In a Wimshurst machine, electricity is produced by 
and not by ...... 


(6) eee cause the rumbling of sound of thunder, 
(7) Electricity ...... on the moist day. 
(8) Lightning conductor is used to ...... high buildings. 


(9) Van de Graaff’s Generator is used for the production of ...... 
voltage. 


(10) For increasing the capacity of the discharging knobs, 
are used in the Wimshurst machine. 
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II. Selection Test : 


(1) There is —ve charge on ...... rotons, neutrons, electrons] 
à gs P. 
(2) The potential ...... when two charged drops unite. 
p [falls, rises, equals] 
alls, rises, 
(3) A potential acquired by a body due to the neighbouring 
charges is called ...... potential. [induced, free, inducing] 
(4) When the charges are shared, energy is ...... 
[gained, lost, zero] 
. (5) The plates of the Wimshurst machine move in the ..... P 
directions. [opposite, same, parallel] 
(6) A Wimshurst machine ...... work in vacuum. [can, cannot] 
(7) Better regulation is possessed by ...... f 
[Van de Graaff’s Generator, Wimshurst machine, clouds] 
(8) Van de Graaff’s Generator can start working...... giving an 
initial charge. [with, without] 
Ill. Choose the correct statements : 


u) During a thunder storm, we should stand under a tree. 
(2) Copper rod is used for making lightning conductors. 

(3) Velocity of light is much greater than that of sound. 

(4) When evaporation of water takes place from a pond of 
water, water vapours carry +ve charge and water left behind is hav- 
ing a —ve sharge. 

~ (5) By the friction of the strong air currents in the atmosphere, 
suspended drops of water become charged. 


_ (6) Cosmic rays from the outer space bombard the atmosphere 
continuously, 


(7) For transferring the charge, we use proof-plane. 


(8) Discharging action of the sharp points and the collecting 


action of the spheres—is the principle of Wimshurst machine and 
Van de Graaft’s Generator. 


Short-Answer Questions 


1. What ıs the difference between static electricity and current 
electricity 2 7 

Ans. Modern theory of electricity states that electrical charges 
are an essential part of matter. These charges can be of two kinds — 
positive and negative. The study of electric charges at rest is called 
Blectrostatics (or Static Electricity). In static electricity, charge flows 
away from a charged body through a piece of wire or other con- 
‘ductor till the potential is equalized. But in current-electricity it 
must be remembered that the charge is being supplied as fast as it is 
leaking away and thus a continuous “current”? is being produced. 


2. (a) What is meant by an clectric current? (b) What is its 
practical unit ? : 


Ans. (a) : Electric current may be defined as the flow or move- 
‘ment of electrons—negative electricity— from one atom to another of 


a conductor, this movement being induced either by artificial or by 
matural means. 


(b) : Its strength is measured by the rate of flow of charge. Its 
practical unit is ampere. When a charge of | coulomb flows ina 
conductor in 1 second, the current is said to be 1 ampere, 


[Note : Electric current is of two types—Alternating Current 
(A.C.) and Direct Current (D.C.).] 


3. Sometimes clicks are heard on combing our dry hair. Why ? 


Ans. When combing in the hair is done, friction takes place 
‘between the comb and the hair and by friction, equal and opposite 
‘charges are produced on them. Since unlike charges attract each 
‘other, the hair are attracted by the comb. As their opposite charges 
‘come closer, an electric discharge takes place and the discharge is 
accompanied by sound or clicks (just like thunder accompanying 
lightning), 

[Note : On account of equal and simultaneous development of 


two kinds of charges, the shavings are seen to cling to the knife while 
sharpening a pencil.] 


4. Why do birds fly off a high-tension wire when the current is 
switched on ? 


Ans. When the high-tension (or strong) current is switched on, 
a charge of static electricity appears on the bird’s body and feathers, 
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On account of repulsion between similar charges, the feathers spread 
away from the body. This causes the bird to fly away. 

5. Why does the current flow in a conductor but not in an 
insulator ? 

Ans. We know that current is due to the movement of elec- 
trons. Keeping in view the structure of atom, it can be said that 
there are some substances which have many free electrons in their 
outermost orbit. Almost no force is required to move them within 
the substance which, therefore, can conduct electricity from one point 
to another very easily. These are called conductors. 


But sometimes, the outermost orbits are ‘“‘complete” and no 
electron from such substances can be removed. These are called: 
insulators, It is very difficult to transfer electricity through them and 
hence they are called non-conductors. 


[Note : (i) There isa 3rd group of elements which are not 
good conductors but they cannot also be called good insulators. Very 


appropriately they are called semi- (or partial) conductors or semi- 
insulators, 


(ii) All the three kinds of elements form crystals. The elec- 
trons in the atom can also be thought of a cloud of charge. (4) In a 
conducting crystal, the electronic charge-cloud of one atom overlaps 
to some extent with that of the next atome so that the charge-cloud 
of electrons pervades the entire re gular crystal array. The outermost 
(free) electrons rather belong to the entire crystal lattice. This enables 
them to move freely within the crystal of conductors (b) In insulators, 
the electrons associated with each atom form a small localised charge- 
cloud. These individual charge-clouds do not merge into one an- 
other. An electric field, therefore, cannot move their electrons from 
one charge-cloud to the next very easily, unless an extremely high 
voltage is applied ; then the insulation is said to have “broken 
down”. (c) In semi-conductors, electron charge-distribution around 
each atom almost touches the electron char ge-distribution of the 
neighbouring atom, but not quite. This enables the electrons to jump 
across from one atom to the next occasionally.] 


6. What is the simplest method of distinguishing conductors from. 
semi-conductore ? 


Ans. If we heat a conductor, its resistance increases as its temp. 
increases. This is because on heating, atoms move or vibrate about 
their mean position with an increased amplitude and jostle or inter- 
fere with the movement of electrons. This reduces the free movement. 
of electrons on the application of an electric field. 


In a semi-conductor on the other hand 
cause greater vibrations of the atom and of 
This will bring neighbouring electronic cha: 
and finally merge into one another 
electric current-flow becomes easier 


» an increasing temp. will 
the electron charge-cloud. 
rge clouds to come closer 
fora part of the time so that the 
on the application of an electric 
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field (or electrical potential difference). Thus in. a semi-conductor, 
resist ince decreas-s when it is heated. 

7. Why can’t you electrify a metal rod by rubbing it while hold- 
ing it in your hand ? How would you then charge it ? 

Ans. When we electrify a metal rod by rubbing it while hold- 
ing in the hand, electricity will flow to the earth via our good con- 
ducting body. [hus no charge remains on the metal rod. 

Soin order to charge it, the metal rod should be insulated. 
It is done by attaching an insulating handle of wood, glass, etc. 


8. Why do steam vord-vehicles running on rubber tyres always: 
drag a chain along the ground ? 

Ans. It is because steam, escaping from the safety and exhaust. 
valves of a boiler, becomes, say, positively charged and the boiler 
(indeed the whole of the vehicle) negatively charged. The purpose 
of the chain is to conduct this excess of negative charge to earth. If 
this were not done, a shock would be experienced by anyone boarding: 
the vehicle, the instant the hand touched it. 


[Note : (i) When the gasoline tank of an aeroplane is filled, the 
metal nozzle of the hose is always carefully connected to the metal of 
the aeroplane by a wire before the nozzle is inserete in the tank. 
When the gasoline flows, the stream of liquid can become charged. 
by friction with the nozzle. The charged gasoline would go into the 
plane and charge it oppositely to the nozzle. Unless a good conduct- 
ing patch is provided so that the charges on the plane and the nozzle 
could recombine, a spark could result. 


(ii) Charges develop when leather belts travel over iron pulleys. 


(iii) Charges develop when paper in a printiug press is taken off 
the rollers.] 


9. Why are the hand-grip rails on motor buses usually wrapped 
round with insulating tape ? 


Ans. It is because in dry weather, the friction of the tyres on 
the road, when running, charges up the chassis and metal-work of the 
vehicle and a shock would, under certain circumstances, be felt by 
boarding passengers. Such precautions are unnecessary on vehicles 
with metal wheels, as the excess charge Jeaks away to earth as it 
collects. The use of rubber road wheels prevents this leakage.- 


10. How is it possible that electric fishes can 


Ho e give shocks when in. 
water which is a conductor of electricity ? Š 


Avs. When the electric eel bends its body, so that its head and 
tail touch different parts of its prey, a very strong shock is given by 
contact. Á living body is a much better conductor of electricity 
than ordinary water. The strongest shocks are more than sufficient 
to kil] the pery, but repeated shocks will weaken the discharges, 


1i. Why do experiments on electrostatics fail on a wet day ? 


Ans. On a wet day, there is enough quantity of water vapours 
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present in air. The non-conducting air becomes good concuctor of 
‘electricity on account of water vapours. Therefore, when we charge 


a conductor on a wet day, its charge is at once taken by the moist 
air and thus it leaks away. 


12. If we are given an insulat d charged sphere, we can charge, 
by induction, ary number of other insulated conductors without ajjecting 
the charge of the sphere. Does this not violate the law of conservation of 
energy ? If not, then what is the source of energy ? 


Ans. The charged sphere induces opposite (and bound) charge 
on the nearest end of the conductor and similar (and free) charge on 
the farthest end. On touching this conductor with a finger, the free 
charge goes to earth. On removing the finger the conductor possesses 
‘opposite charge only. Therefore when this conductor is removed 
away from the charged sphere, we have to do some mechanical work 
«against the force of altraction existing between unlike charges. It is 
this mechanical work which changes into electrical ene: gy when 
various conductors are charged by induction with the help of one 
charged sphere. Hence this does not violate the law of conservation 
of energy. 


_ [Note : Same reasoning applies to the electrophorous also, in 
which same quantity of charge is obtained many times from an 
-ebonite cake charged once by rubbing it with a cat-:kin.] 


13. Why can’t insulators be charged by induction ? 


Ans. In the case of conductors, a charged body during the 
process of induction is able to drive electrons from one part ol the 


-conductor to the other. But an insulator does not allow electrons to 
move from one part to the other, hence a charged body when brought 
„near it will not be able to bring about a re-distribution of electrons. 
‘Hence charges cannot be induced on non-conducting bodies. 

14. Why should an electrical charge r side on the outer surface of 
a conductor ? 

Ans. We know that like charges repel one another. When 
some charge is given to a conductor, like charges start repelling one 
another. This force of repulsion brings the electrical charges to the 
farthest boundary of the conductor, t.e. to its outer surface. Thus 
mo charge can stay inside a conductor. 


15. Why docs not a man sitting inside an insulated metallic cage 
‘receive any shock when the cage is gradually given a high charge ? 


Ans. (i) ; We know that an electrical charge resides only on 
the outer surface of a conductor. Therefore, whatever charge is 
given to an insulated metallic cage, it does not go to or remain on 
the inner surface but it comes on the outer surface of the cage. 

Onsequently, the man inside the cage will not receive any shock. 


the eae (ii) : Though there is no charge on the inner surface of 
of eee u me potentia] of its outer surface is always equal to that 
ductor F a or of any point inside it [because a hollow con- 

encloses an equipotential space]. Since no potential difference 
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(P.D.) exists between the outer surface of the cage and the man sitting; 
inside, hence no shock is experienced by this man. 


[Note : But this man will receive a shock if somebody from 
outside touches this man, since the charge will now start flowing from 
this man to the earth through the connecting conductor. T[herefore,, 
you should never poke your finger inside a hollow current-carrying 
pipe.] 

16. How can a charged conductor give up all its charge to another 
insulated conductor ? 


Ans. (i) : Ifa charged conductor be introduced into another 
insulated conductor and brought into contact with the latter’s inside 
wall, the charge will be entirely transferred to the outer surface of 


this second conductor (in accordance with Faraday’s Ice-Pail 
Experiment). 


Ans. (ii) : If the inner radius of insulated conductor is exactly 
equal to the outer radius of the given charged conductor A, then cut the 
insulated conductor into 


two hemispheres B and B 
C (Fig. 6-1) and by fA 
holding them with the td 


help of insulating 
handles, cover A by B 
and C so that the outer 
surface of A is no more 
the outer surface of the 
combination. Since the 
charge resides on the outer surface of the conductor, complete charge 
from A leaks or is transferred to the cuter surface of Band ©. Now 
with a jerk, separate B and Ọ, and then combine them into one 
sphere, which has now got the total charge of A, [It is known as 
Biot’s Experiment). 


i7. According to Coulomb’s Law, the force of repulsion between 
two similar charges is inversely proportioral to the square of the distance 
between them. This fore» becomes infinitely large when a small charge. 
is to be given toa similarly chargel conductor and the charge is about 
to touch the conductor. But in actual practice, one can easily supply 
additional charge to the conductor. How will you explain this anomaly > 


- Ans, In the beginning, the charge will get distributed over 

the surface of the conductor according to the surface density of the 

charge at various points. For 

a sphere this distribution is 
uniform (Fig. 6-2-a). 


When another similar 
charge is brought towards the 
charged sphere, the charge- 
distribution does not remain 
uniform on account of repul- 


(a) Fig. 6-2 
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sion between similar charges. This repulsion pushes away the charge 
on the sphere to its farthest side (Fig. 6-2-b) so that tue distance bet- 
ween the approaching charge and that 01 the sphere never approaches 
zero and therefore the force ot repulsion is not too large. After get- 


ting the additional charge, there is re-distribution of charge over the 
whole surface of the conductor. 


18. We know that a charged ball attracts a piece of paper. How 
will the f. rce of attraction be al'erid if a metal aphe e be placed around 
(a) the charged ball (b) the piece of paper ? > 

Ans. (a) : When the charg d ball is surrownd:d by a concentric 
metal sphere, an induced charge will appear on the inner surface of 
the sphere equal in magnitude, but opposite in sign, to the charge 
on the ball ; and also there will be a charge of the same magnitude 
and of the same sign as the ball’s charge on the external surface of 
the sphere. This will create the same electric field in the space out- 
side as the ball was creating before. Both the ball and the sphere 
act in the same way asa charge concentrated at the centre of the 

, ball, Therefore, the paper will he at'racted by the ball as before. 

(b): When the picce of paper is surrounded by the metal sphere, 

‘the force of attraction will be reduced to zero ; the induced charge 
Will appear on the sphere but there will be no fi-ld inside the sphere. 
c metal sphere will be attracted to the ball, but not the paper. 

19. Mention the uses of a G.L. Electroscope. i 


Ans. (i) To detect the presence of charge on a body. 

(ii) To determine the kind of charge on a body. 
(iii) To indicate roughly the magnitude of the charge. 

(iv) To judge the potential of a charged body. 

(v) To distinguish between an insulator and a conductor. 


20. Is it possible to measure the voltage of an A.C. circuit with 
an électroscope ? 

Ans. Yes. The leaves of an electroscope always move apart 
regardless of the sign of the charges on the leaf and the main body 
whose voltage is to be measured. In the case of A.C., during both 
half-periods, leaves will continue to show divergence. The divergence 
of the leaves will be proportional to the voltage of the A.C. circuit. 


2i. The leaves of a G.L. Eleciroscope collapse slightly if the palm 
of the hand is bld near its top but resume their original position when 


the hand is removed. How can you explain this behaviour of the 
leaves ? 


Ans. When the palm of the hand is brought near the disc of 
the charged electroscope, induction takes place. Opposite charge is 
induced on the lower side of the palm and similar charge on the 
upper side. This free similar charge goes to earth through our body 

and thus only opposite and bound charge stays on the hand. 


Explanation (i) : This opposite charge on the hand attracts 
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the charge spreading over the leaves, disc and the connecting rod. 
‘Thus more charge accumulates on the disc and less charge stays on 
the leaves—resulting in thcir slight collapse as the force of repulsion 
is directly proportional to the strength of charges on the leaves. 
When the hand is removed, the force of attraction also disappears and 
redistribution of charge takes place. Since the leaves get back their 
original charges, they resume their original position of divergence. 

Explanation (ii) : The leaves and the disc are in the beginning 
at a particular potential which is decreased by the potential produced 
by the bound and opposite charge of the hand. Since the divergence 
of the leaves measures their potential when the tin foils of the elec- 
troscope are earth-connected, hence the leaves collapse slightly. [Such 
an electroscope having an earth-connected conductor near its disc is 
known as a cond-nsing electroscope.] 


When the hand is removed, the effect of the induced opposite 
charge of the palm vanishes, and the leaves restore their original 
potential as well as divergence. 


22. Irrespective of the shape of a conductor, why show'd its 
surfuce be always equipotntial ? 

Ans. Although the surface density of charge (=the quantity 
of charge present on a unit area of a given surface) is more for sharp 
points and less for flat surfaces, yet the potential is same (or equal) 
everywhere on its suface. To justify this, let there be two points, on 
its surface, having unequal potentials Since these two points are 
connected to cach other through the conducting surface of the con: 
ductor, the charge will start flowing from the point at higher potential 
to the other point at lower potential till the two points attain the 
same potential. That is, these two points cannot stay at different 
potentials. Same thing applies to all other points constituting the 
surface of the conductor. 


[Note : The surface of a conductor, on which electricity is at 
‘resl, must necessarily be an equipotential surface.] 


23. Why are the electric lines of force at right angles to an 
equipotential surface ? 

Ans. Since the potential is same everywhere on the surface of 
an equipotential body, no potential difference exists between any two 
points situated anywhere on such a surface. Evidently, no work will 
be done in moving +1 or any other charge on this surface. 


But work =force x distance 
Since the distance between two points cannot be zero, 
R force=0 


ie, no force acts along the surface of an equipotential body. It means 
that the real force whose one component along the surface is zero 
must be prependicular to the surface. In other words, the electric 
dines of force must be at right angles to the surface. 


24. A small metal ball is charged to a potential of +10 volts. It 
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is introduced into a large hollow metal sphere charged to a potential of 
+1000 volts and comes into contact with the inside surface of the sphere. 
The ball’s charge passes to the sphere —from a body at lower potential 
to that at higher potential, when exactly the opposite ought to take place. 
How will you explain this ? 


Ans. In the space inside the large sphere, which is charged 
to a potential of +1000 volts, all points have the same potential of 
-+1000 volts. When the small ball, charged to a lower potential of 
+10 volts, is introducd into this large sphere, work is done, as a 
result of which the small ball is also charged to a potential of +1000 
volts. Thus when the ball is brought into contact with the inside: 
surface of the sphere, the charge is transferred, at the same poten- 
tial, from the inside surface to the outside surface of the conducting: 
sphere. 


25. Why is the electric field inside a hollow conducting surface: 
zero ? 


Ans. A hollow conducting surface encloses an equipotential 
space, therefore no potential difference exists between any two points 
situated anywhere inside the hollow conductor. Evidently, no work 
will be done in moving +1 charge inside the conductor. But 


work done in moving +1 charge from one point to another 
= (intensity of electric field) x (distance between these points) 
_Since the distance between no two points can be zero, therefore: 
the (intensity of) electric field inside a hollow conductor will be zero. 


26. Why is potential inside a hollow conductor same as on its 
outer surface ? 


Ans. Since the electric intensity inside a hollow conductor is 
zero, therefore there are no electric lines of force inside the conductor. 
Consequently, if a charge is moved about inside the conductor, no 
work will be done. But no work is done in moving a charge from 
place to place if it is an equipotential space. Thus the potential in- 
side is the same as on the outer surface of the conductor. 


27. Any charged body connected to earth loses its complete charge 
to the earth. Then how can the leaves of an electroscope be made to 
diverge even when they are connscted to the earth ? 

Ans. The real cause of the divergence of leaves is the presence 
of a P.D. between the leaves and the tin-foils of an electroscope, and 
not the repulsion between the similarly charged leaves. On insu- 
lating the clectroscope and earthing its leaves, the leaves will be at 
zero potential. In order to create the requisite P.D., touch a +vely 
charged body to the tin-foils. The leaves will bs found to diverge. 

[Note that the charge on the leaves is not the decisive factor.] 

28. How can you have a positively charged body at zero potential ? 


Ans. Take a charged (say +-vely) conductor A and connect it 
to the disc of a G.L. Electroscope. The conductor and the leaves are 
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both at the same +ve potential. Bring a strong —vely charged body 
B, gradually near A. It produces an increasing —ve potential on A, 
thereby reducing A’s own (free) +ve potential and you will notice a 
gradual decrease in the divergence of gold leaves. For a certain 
position of B, the leaves will collapse completely, indicating that the 
-++vely charged body A is now at zero potential [The tin-foils of 
G.L.E. are kept earthed throughout the experiment]. 


29. How can you have a positively charged b dy at negative 
potential ? 
Ans, First write the answer of Q, 28 given above. 


Now take the body B still closer to A. Evidently the —ve 
potential produced on A by B becomes greater than the free +ve 
potential of A so that the resultant potential of +-vely charged body 
A becomes negative. The leaves once again will show divergence 
which increases as B is brought nearer and nearer to A. 


30. Why does loss of energy take place when two or more charged 
conductors at different potentials are brought in contact ? 


Ans. When two or more conductors at different potentials are 
brought in contact, there will be a flow of charge from higher poten- 
tial to lower potential conductor. This flow of charge causes spark- 
ing, accompanied by some sound, at the point of contact. 


If the conductors are connected together by a conducting wire, 
the charge will flow through this wire. Since the flow of charge 
constitutes an electric current which is opposed by the resistance of 
the wire, a part of the electrical energy changes into heat and the 
connecting wire gets heated. 


Thus a part of electrical energy is lost which reappears in the 
form of heat, light and sound energies. 


31. A Leyden jar when placed on an insulator, cannot be charged 
strongly. Why is it so? 

Ans. A Leyden jar is a parallel-plate condenser. We know 
that the capacity of a condenser can be increased by bringing an 
earth-connected conductor near it. Now if the Leyden jar is placed 
on an insulator, its outer coating will not be earthed As a result, 
the potential of its inner coating will not be lowered much and the 
Leyden jar will not be charged strongly. 


32. When a Leyden jar is discharged, we get successive sparks. 
Why ? : 

Aas. We know that the seat of charge in a condenser is its 
dielectric which is always non-conducting. A Leyden jar is a para- 
lel-plate condenser with glass as the dielectric. When it is charged, 
the molecules of the glass-dieleciric are strained by the opposite 
charges present on the two coatings cf the condenser. On account 
of attraction, these charges come to stay on the opposite sides of the 
glass-dielectric and some charge enters the dielectric also. The re- 
maining charge produces the first discharge [called primary discharge 
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which is quite strong] but whatever charge has entered the dielectric 
that cannot come out so quickly and therefore it lingers on the dielec- 
tric and slowly comes out [this charge left behind on the dielectric 
after the primary discharge is known as the residual charge]. It is on 
account of the residual charge that we get other discharges (known 
as secondary discharges) but of less and less strength. 


33. Why does electricity appear to take many seconds to pass 
through a long submarine cable, wh n it is known that it should travel 
the same distance in a fraction of a second ? ‘ 


Ans. It is because a submarine cable acts as a condenser— 
the ocean forming the outer coating, the wire the inner, and the 
insulation as the dielectric. Before any signal can be received, 
enough electricity must flow to charge the cable (condenser) which 
may take several seconds in very long cables. 

34. The plates of a flat capacitor (or condenser) are connected 
io a galvanometer. One of the plates is earthed. A positive charge is 
passed between the plates. What will be the reading of the galvano- 
meter ? 


Ans. When a +ve charge is introduced into a capacitor C 
(Fig. 6-3), a —ve charge is induced on the inside faccs of the capa- 
citor plates and it remains there, while a 
+ve charge appears on the outside faces. 
The +ve charge on the earthed plate 
escapes into the earth. The +ve charge 
on the other plate also escapes into the 
earth, passing through the galvanometer G. 
So the galvanometer G will show a deflec- 
tion. But when the —ve charge begins to 
escape from the capacitor, the —ve charge 
will begin to flow into the earth from the 
plates. The charge flowing from one of 
the plates will pass through @ which will 


Fig. 6-3 then show a deflection in the opposite direc- 
tion. 


35. A capacitor is connected to an accumulator. If we move the 
plates of the capacitor apart, we do positive work to overcome the force 
of attraction between the oppositely charged plates. On what does this 
work go? What happens to the energy of the capacitor ? 

Ans. For the capacitor’s charge 

Q=C.V=K.A.V [47t 
where C*,V,K, A and t have their usual meanings. 
Since the plates of the capacitor are connected all the time to 


the accumulator terminals. the potential difference V applied to them 
remains constant. Therefore when t is increased, the charge Q must 


_ *Practical unit of capacity or capacitance is farad while that of elastance 
(reciprocal of capacitance) is daraf. 
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decrease. A partial discharge of the capacitor takes place and 
current flows in the circuit as a result of which the accumulator is 
charged. 

Again, when ¢ increases, C decreases ; but since V remains cons- 
tant. the energy (=!C V?) of the capacitor also decreases. The 
energy which is thus released in the capacitor also goes on charging 
the accumulator. Thus all the work expanded on moving the plates 
apart goes on increasing the accumulator’s energy and so too does a 
part of the energy stored in the capacitor. 


36. Why should electric charge leak through a sharp point ? 


Ans. The surface density of charge on a point situated ona 
charged surface is defined as the amount of charge present on a unit 
area surrounding the given point. 


Considering a sphere of radius R and Possessing a charge Q, its 
surface density of charge is given by: 
o=Q/4nk* 
Case (i): If R is large (for a flat surface), o is small ; 
Case (ii) : If R is small (for a sharp point), o is large. 


Evidently, the distribution of charge cannot be uniform for 
any other conductor except the sphere (Fig. 6-4). Since more charge 
collects on a sharp point, the 


air particles, by conduction, te + + ae 

will get more charge from a T Sa 
sharp point. Thus there will +i i t+ 
be more force of repulsion Le +t 
between similarly charged air i 

particles and the charged point. +- F F 

As these air particles are Fig. 6-4 

repelled away, a partial vacuum 

is created. Naturally, fresh aic-particles will rush to occupy this 
place and these too, after getting similar charge from the sharp point 
will be repelled away. This results in the generation of electric 
wind ensuing from the charged point. The leakage of charge 
through sharp points can thus be attributed to the electric wind. 


37. How can you demonstrate the leakage of charge through a sharp 
point ? 
Ans. (i) The straight flame of a candle, held in front of a 
sharp point attached to a charged spherical conductor, bends away 
from this point (Fig. 6-5). 
_ (i) Balance a light and conducting swastika mark on a pivot 
(Fig. 6-6). Connect it to a charging machine. As the charge starts 
leaking from its four sharp points, elecrric winds are created. The 
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Fig. 6-5 Fig. 6-6 


38. (2) Why does lightning usually strike high buildings or trees ? 
(b) And why is its path always zigzag ? 


Ans. (a): It is because the lightning takes the easiest path 
between the cloud and the earth, and the resistance to its path offered 
by the tree or building is very considerably less than that offered 
by the same distance in air. 

(b) : Its zigzag path can be attributed to the fact that the 
lightning flash (on account of its high temp.) compresses the air 
ahead of its path and making it more dense it interferes with its 
direct course. 

[Note : Forked lightning is one which takes a zigzag path. 

` Sheet lightning is the reflection from the clouds of forked lightning at 
a distance, usually over the horizon. In sheet lightning, the thunder 
is usually not audible.] 


39. Why do thunder storms usually follow a very dry spell of 
weather ? 


Ans. It is because dry air, being a non-conductor of electricity, 
will not easily permit the clouds to be relieved of their excess of 
electrical potential which accumulates till it is discharged as an electric 
storm. 

40. How does lightning occur ? Explain. 


Ans. In summer, the sun’s heat sucks up water-vapour from 
the sca and land into the atmosphere. This water-vapour is often 
loaded with free electrons. Rain brings these electrons back to earth ; 
but sometimes there is no rain and currents of hot moisture-laden air 
are rising from the earth’s surface and from the sea. When they 
reach cooler layers of the atmosphere, they form thunder clouds, at 
different heights. Some of the clouds carry very large loads of 
surplus electrons, Such clouds are often at the lower levels and will 
push any loose electrons at or near the earth’s surface down to lower 


SHORT-ANSWER QUESTIONS (ELECTROSTATICS) 309 


levels, leaving the earth’s surface atoms short of electrons. Thus, an 
electric field is created between the earth and the thunder clouds. 
[Similarly an electric field is created between these clouds and others 
less heavily loaded with electrons]. As a result of electrons being 
pushed-and-pulled across an electric field, a flash of lightning passes 
between the earth and the cloud (or between two clouds). 


41. Why is it unsaf- to take shelter under a tree or on damp 
ground during a thunder storm ? 


Ans. During a thunderstorm, the electric charge is always 
situated as close to the inductive influence—the cloud ~as possible. 
It is therefore unsafe to be in the immediate vicinity of the area of 
the electric charge. A dry depression in the ground, where there 
are no trees or telephone poles, is the safest place to be during an 
electric storm. The objects (like tree) which reach nearest to the 
clouds are usually the most likely to be struck, and are therefore 
unsafe, 

[Note : (i) Don’t use your umbrella during a thunder storm, 
lest its rod becomes a lightning condutor. 


(it) A tall tree near a building is a very good protection for the 
building against lightning.] 

42. Why dovs.a chimney made of bricks need a lightning conductor 
more than a steel chimney of the same height ? 

Ans. Material of bricks is non-conducting. It can, therefore, 
neither send an oppositely charged electric wind to neutralize the 
charge of the cloud, nor it can offer the path of least resistance to 
the electric discharge to pass down to the earth. On the other 
hand, steel is a very good conductor and hence the steel chimney 
«acts as a lightning conductor itself. 


[Note : For the same reason, the occupants of steel frame 
‘houses are not harmed by lightning.] 

43. What is ths cruse of the queer odour in the air after a 
thunder storm and in the vicinity of an electric discharge ? 

Aas. It is due to the chemical effect of the sparks by which 
the molecules of oxygen in the air are decomposed and rearranged in 


a modification known as ozone, which gas has the odd smell so 
noticeable. 


44. Is it true that the rain during a thunder storm is acidic ? 

Ans. Yes. Nitric acid is present because the lightning has 
‘the power of making a portion of the nitrogen and oxygen in the air 
to combine chemically which further combines with rain water, 
whereas previously they were but mechanically mixed. 


45. Why does a thunder storm often cause milk to turn sour ? 


Ans. It is because the electrical state of the air accelerates 
the work of the micro-organism (known as bacteria) in the milk, 
which in their growth convert the lactose (or sugar of milk) into 

$ : 
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lactic acid. This brings about coagulation or curdling of the milk 
by precipitation of the casein. : 


46. There is a common saying that if you sez the flash of ligttn- 
ing, you are safe. How Jar is this statement true ? 


` Ans. Earth is always regarded at zero potential. When a 
man comes under a cloud where there has just been an electric dis- 
charge, he receives a shock due to the neutralization of the charge 
induced on his body and he is no more (i.e. dead). his shows that 
death occurs to him before he could see the flash of lightning. So 
the given statement is true. 

47. What is the cause of atmospheric electricity ? ; 

Ans. The exact cause of electrification of the atmosphere is 
not yet known. One explanation is that when evaporation takes 
Place from the surface of water in the lakes, rivers and seas, the 
vapours going up are negatively charged, leaving the water -++vely 
charged. 

Another explanation is that the atmospheric clectricity is due to 
the ultra-violet radiations of the sun, the cosmic rays and the radia- 
tions from radio-active substances. 


48. Why does the potential of the cloud rise very high ? 


Ans. When small charged droplets of water coalesce in the 
atmosphere, they form bigger drops and ultimately huge clouds. 
When 8(=23) droplets of water combine to form one drop, the 
charge on this drop becomes 8 times, its capacity becomes 2(=21 
times and its potential 4 (=2") times. When 27(=3?) droplets 
combine, the capacity of the bigger drop becomes 3(=3) times but 
) times. Thus we see that the potential 
lises very rapidly when droplets combine to form bigger drops Since 
millions of such drops combine to form a cloud, that is why a very 
high potential is developed on the cloud. 


49. Why is the compressed air used in the tank envel 
charged sphere in Van de Graaff’s Generator ? 


Ans. Air at the atmospheric pressure will cause the sparking 
between the highly charged sphere and the earth-connected metal 
tank— which will bring the sphere at zero potential. Compressed 


air (at 4 or 5 atmospheres) avoids the sparking and hence it neces- 
sitates its use. 


50. What are the advantages of a Van de 
other electrical machines ? 

Ans, 
107 volts. 


(2) Better regulation is provided in it for its w 
electric motor. 


oping the 


Graaff's Generator over 
(1) It can produce a very high voltage, of the order of 


orking with an 


(3) Very little charge is lost from its sphere or spheres by 
s very smooth and radius of curvature is 
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51. The earth is supposed to have about } million coulombs of 
negative electricity. How do we arrive at this figure ? 

Ans. It has been found that the potential at a point in the open 
air is always different from the potential of earth, It is always +ve 
and increases upward at about Z volt percm. Since the potential 
increases upward, the charge on the earth must be negative. 


Strength (F) of earth’s electrostatic field is 
P charge Q 
(radius R of earth)? 


-PD Ta wa 
Also Tien ae volt/em = 3007 e.s.u./em. 
And R=640 km.=64 X 107 cm. 
2 a a 7)2 
Q=F. R= 300 (64x 107)? e.s.u. 
7)2 
= (64x107) =0°455 x 108 coulombs 


~ 300(3 x 10°) 
=} million coulombs. 


—_. 


1. Capacitance is another name for capacity. 
2. Capacitor is another name for condenser. 


3. Elastance is the reciprocal of capacitance. 


Part Vil—Current-Electricity 


Concise Current-Electricity 


1. Electric Current: An electric current consists of a flow of 
electric charges called electrons. Its strength is measured by the rate 
of flow of charge. By convention, the current is regarded as passing 
in the opposite direction to the flow of electrons. The simplest device 
to get an electric current is a cell. : 


A cell is a contrivance by which electric energy is obtained due 
to the chemical actions taking place inside it. 


Speed of current=3 X 105 km/sec. 
Speed of an electron around the nucleus=160 km./sec. 


2. Primary Cells : These are the cells in which the first reaction 
gives the current (while in secondary cells, it is the second reaction 
which gives the current and the first reaction is utilised for storing the 


electric energy in them ; that is why these are also called storage cells, 
accumulators or simply batteries). 


The simplest primary cell is a Voltaic cell, having maximum 


E.M.F. of 1°08 volts. This cell suffers from two main defects : (i) 
Local Action and (ii) Polarisation. 


Local action is the eating away of its zinc plate caused by the 
presence of impurities in zinc. Tt is cured by rubbing the zinc plate 
with mercury — called amalgamatiag the zinc. 


Polarisation is caused by the gradual deposition of H, bubbles 

= on the copper (or -} ve) plate + resulting in the gradual decrease in 
2 ~~ current-strength. It can be cured : (i) by not allowing H, bubbles to 
stick to the positive plate for which we remove them mechanically by 
brushing the plate after every 4 or 5 minutes or by making +ve plate 
rough and pointed (e.g. in Smee’s cell), (ii) by not allowing H, 
bubbles to reach-+-ve plate at all either by oxidising H, to form water 

ey passing them through a strong oxidising agent e.g., MnO, for 
echlanche cell or by replacing H, by some metallic carrier by passing 


ae through some chemical eg. copper sulphate solution for Daniell 


3. Effects of an Electric Current : Since we cannot always risk 


our life by touching current-carrying conductor and getting a shock 


(called physiological effect of current te 
x JJEC s), there Eta 
of an electric current : ), there are several other effects 


(a) Magnetic effect ; (b) Heating effect ; (c) Chemical effect ; 
312 “wi 


a9 
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(a) Mechanical effect : Electric motors and fans are familiar 
examples of the mechanical effect of currents. 
(e) Nervous effect: An electric discharge passing through 
living tissues produces a contraction in the muscles. 
4 Magnetic Effect of an Electric Current : Whenever an electric 
current flows, it produces a magnetic field all around it. This effect 
helps us in knowing the presence as well as the direction of current 
ina wire by applying SNOW Rule or Ampere’s Swimming Man 
Rule. The strength of this field is determined by the position in 
which it is measured and the size of the current flowing. 


5. Magnetic Fields due to Currents: The plane of the magnetic 
field, produced by a current in a wire, is perpendicular to the plane 


Fig. 7-1 Fig. 7-2 

of the current (Fig. 7-1) while the direction of the mag. field is given 
by Maxwell’s Right-handed Corkscrew Rule: “Imagine a right- 
handed corkscrew being turned so that its axis or tip is moving in the 
direction of the current C; then the direction of rotation of the 
right-hand thumb is the direction of the magnetic lines of force” 
(Fig. 7-2). as 
6. Uses of the Magnetic Effect of an Electric Current : | 

(1) The absolute unit of electric current (the db-ampere) is 
based upon the magnetic effect of a current. When a magnetic field 
of one oersted is produced at the centre of an arc 1 cm. long ofa 
circle of | cm, radius by a current, this current „is called the ab- 
ampere (or e.m.u. of current), 

10 amperes =1 e.m.u. of current. 


The e.m.u. of current is called biot which is that constant 
intensity which, when maintained in two parallel and infinitely long 
rectilinear conductors of negligible circular section, placed at a dis- 
tance of | cm. apart in vacuum, would produce between those con- 
ductors a force of 2 dynes per cm. length. A 


(2) The Tangent Galvanometer uses the magnetic effect of an 
electric current to compare the field (F) produced by a current with 
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the earth’s horizontal field (H). Itis therefore used in the laboratory 
for measuring current but not normally for standardisation as H changes 
from place to place. It applies Tangent Law and the current passing 
through it is proportional to the tangent of the angle of deflection 6 
i.e., O oc tan 0. 

(3) The magnetic effect produced by a current flowing in a 
coil of wire wound round an iron core is the basic principle of all 
apparatus using electro-magnets, e.g. electric bell, telegrapn, relay, etc. 
7. Force ona current-carrying conductor held in a magnetic: 
field : When a wire carrying current is held in a magnetic ficld, a 
force acts on it. The magnitude of this. 
force depends upon the strengths of the 
current and the field. If the current and the 
field are at right angles, the direction of the 
force is given by Fleming’s Left-hand Rule 
i.e. if the thumb, first finger and middle finger 
of the left-hand are held mutually perpendi- 
cular, with the first finger in the direction of 


of the current, then the thumb gives the 
direction of motion of the current-carrying 
conductor (Fig. 7-3). 

Fig. 7-3 (a) Moving Coil Galvanometer : 

(a This consists essentially of a small coil A of 
fine wire wound on an insulating frame and suspended by a fine 
wire P of phosphor-bronze so that it can rotate between the poles. 
(N.S) of a powerful magnet (Fig. 7-4). The coil rotates round a 


Fig. 7-4 


€ pole pieces are cylindrical. The lines 


soft-iron cylinder C and th 
of force all enter the cylinder at ri 
and the force on the coil is always 


ght angles to its curved surface, 
in a direction perpendicular to 


the field and the middle finger in the diection. 
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the current’s direction and the field. The forces (H.0.l and H.0.1); 
caused by the passage of the current constitute a couple which is 
opposed by the torsion produced in the suspension wire, so that 
the deflection of the coil (measured by an optical lever and a plane 
mirror (M) is proportional to the current passing, and the coil 


12H 
Fig. 7-5 Fig, 7-6 
returns to the same position when the current is cut off. The forces 
(H.C.l and H.0.l) always act at right angles to the field and the 
current (Fig. 7-5). The field is made radial by using cylindrical pole- 
pieces (Ņ,S) and a soft-iren cylinder or core (Fig. 7-6). p 

(b) Electric Motor : The main features of a simple electric 
motor (Fig. 7-7) are : i 

(i) A powerful magnet NS, which, 
in small motors, is usully a permanent 
one, but always an electro-magnet in 
large motors. 

(ii) A coil, CDEF, of wire which 
can rotate about an axis perpendicular to 
the magnetic field H. 

(iii) A` commutator, GG, to which 
the ends of the coil are joined and through 
which the direction of the curruent through the coil can be reversed 
every 180° of rotation. 

In the Fig. (7 7), the left-hand conductor B carries the current 
into the plane of the paper and the right-hand conductor B carries 
current out of the plane of the paper. By Fleming’s Left-hand 
Rule, the force on the right-hand side of the coil is vertically up and 
on leit-hand side vertically down. These forces constitute a couple 
which causes the coil to rotate in anti-clockwise direction. The mo- 
mentum of the coil carries it past vertical and the current through CD: 
and EF is therefore reversed by the commutator GG. The rotation 
of the coil therefore continues in the same direction. 


8. Ohm’s Law : George Siemons Ohm in 1826 stated that: pro- 
vided the physical conditions (temp. etc.) remain constant, the 
current (say C) in any conductor is proportional to the potential 
difference (say V) between its ends. Thus 


Fig, 7-7 


316 SHORT ANSWERS AND OBJECTIVE TYPE QUESTIONS IN PHYSICS 
] V 
7 (= — = 
Ca y or C (zy or -—G =È 


-where 1/R is called electrical conductance and R is called electrical 
resistance of the conductor. Unit of resistance is ohm while that of 
«conductance is mho. 


‘9. Applications of Ohm’s Law : 


(i) Resistances in series : If the same current (say C) flows 
through two or more resistances (say 1, 72, T3).--), they are said to be 
‘connected in series (Fig. 7-8). Then their effective or equivalent 


Fig. 7-8 


onte (say R) is equal to the sum of these individual resistances, 
hus : 


$ R= tre trs +.. 

(ii) Resistances in parallel : If at some point ina circuit a 
‘current divides between a number of branches which later on reunite, 
then these branches (of resistances 7, "a, Tg...) are said to be connec- 
ited in parallel (Fig. 7-9). Then the reciprocal of their equivalent 


Fig. 7-9 


resistance (R) is equal to the sum of the reciprocals of their individual 
resistances. Thus 


‘and R will be less than each individual resistance. 


a (un) Conversion cfa Galvanometer into an Ammeter : 
et the resistance of the galv. be @ ohms and the current required 


for full scale deflection be C, i i 
tbe converted into an E tooo a e aS 


to read upto O amperes, then the value © 
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of the shunt resistance S required for parallel’ connection can be 
calculated from the relation : 


Actually (C—C,) =C, which is the current passing through the: 
shunt. Also Ọ, is the maximum admissible current for the galv. andi 


(a) Fig. 7-10 (b) 
is equal to the product of its sensitiveness and number of divisions on 
its scale. Letter ‘A’ in Fig. (7-10-6) is the first letter of Ammeter- 
and represents the principle of its conversion. 
Since the effective resistance of an ammeter is very low, it is: 
joined in series in the circuit so that its inclusion in or exclusion from, 
the circuit does not change the main current in the circuit. 


(iv) Conversion of a Galvanometer into a Voltmeter : 
Here Q and C, represent the same quantities as in (iii) above. If 


Cy C, 


HY 


@ 
(a) Fig 7-11 b) 


this galv. is to be converted into a voltmeter of range V volts, then 
the extra high resistance R (Fig. 7-11-a) to be connected in series 
with the given galv. can be calculated from the relation : 
‘ y 
V=0,(G+R) or R= T -G 


g: 


Letter “V” in (Fig. 7-11-b) is the first letter of Voltmeter and' 
represents the principle of its conversion. 

Since the effective resistance of a voltmeter is very high, it is 
joined in parallel across the points in the circuit whose P.D. is requir- 
ed to be measured so that the main current in the circuit does not 
change. 
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(vp) Wheatstone Bridge Circuit: It is an arrangement of 

B four resistances, a cell and a galv. G 
(Fig. 7-12) balanced in such a way 
(either by changing the resistance 
R or by changing the ratio of P and 
Q resistances) that the points B and 
D attain the same potential. The 
galv. G will then show zero deflec- 
tion. Then the unknown resistance 
X can be calculated from the 
relation : 


a = o P.X=Q.R 
The chief Wheatstone Bridge circuits are : 
(i) Metre Bridge : (ii) Post Office Box. 


10. Resistance of a Uniform Wire: The resistance R of a uni- 
form wire is directly proportional to its length 1, inversely propor- 
tional to its cross-sectional area a and depends upon the material of 
which it is made. 


Rætt; Ra i 
a 

or Re eS yy pees 
a a 


where “s” is a constant, depending upon the nature of the wire. It is 
called Specific Resistance (or resistivity) of the material of wire. It is 
defined as being the resistance between the opposite faces of a solid 
‘centimetre cube of given material and its unit is ohm-cm. 


11. Units of Charge, Current and Potential Difference : An 
‘electric current consists of a flow of electric charges. The practical 


unit of charge is coulomb. The unit of current, called the ampere, is 
_ the rate of flow of | coulomb of charge per second. 


The volt is the unit of potential difference. When l joule of 
work is done in moving 1 coulomb ef charge between two points in 
a circuit, then the P.D. between these two points is 1 volt. 

For practical and legal purposes, the definitions are as follow : 


) (i) The ampere is that current which when flowing through a 
silver voltameter (containing a standard solution of silver nitrate) 
liberates 0:0011183 gm. of silver in one second, 


Pe 3 1 j 
(it) The volt is Torgg Of the P.D. between the terminals of a 
Weston Cell on open circuit at 20°C. 


(tit) The International ohm is the resis 
mercury of 1 sq. mm. Cross-seciion and 106°3 


tance of a column of 
cm. long at 0°C. 
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12. Internal Resistance (of a Cell) : Every thing which conducts 
electricity has resistance although this may be so small in many cases 
as to be ignored. Batteries and cells have resistance (on account of 
their electrolytes, size of plates and the distance between the plates) 
which is often not constant and depends upon their age and use they 
have had. This resistance is called their internal resistance, A well- 
-chai ged accumulalor has an internal resistance of less than 0°01 chua 
while that of a used terch-cell can be as high as 100 ohms. 


it 


13. Grouping of Cells ; 

(a) Cells in Series (Fig. 7-13) : This + 
arrangement gives maximum P.D across 
the terminals of the external resistance but 
the current due to v cells in series will be n 
times the current due to one cell (in the 
same external resistance) only when exter- 
nal resistance (R) is far greater than the 
internal resistance (r) of these cells. 


Fig. 7-13 


(b) Cells in Parallel (Fig. 7-14) : This grouping gives mini- 
mum P.D. (=that due to one cell) across the external resistance R 
but the current due to n cells will be v times the current due to one 
cell only when internal resistance r of each cell is far greater than the 
external resistance R of the circuit. 


Fig. 7-14 Fig. 7-15 

(c) Cells in Mixed Grouping (Fig. 7-15) : This arrangement 
{is used only when neither R>r nor r>R. And to obtain maximum 
ı Current in the external resistance, we must have 


r _ no. of rows (say m) in parallel 
R no. of cells (say n) in each row 
or R=total internal resistance 


14. Potentiometer : A]l ordinary voltmeters require some current 
to operate them. Because of internal resistance of the cell, a voltmeter 
never indicates true E.M.F.* of a cell, although a good voltmeter 
takes a very small current and the error is small. This error will 


*E.M.F. of a cell is defined as numerically equal to the work done by the 
cell per second in maintaining a unit current. 
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become zero if the voltmeter has an infinite resistance, but then this 
voltmeter will stop recording any reading. This difficulty can be 
removed by using a potentiometer which compares E.M.F.s without 
taking any current. But remember that : 


(i) All the positive poles of various cells are connected to one 
terminal ; 


(ii) E.M.F. of the accumulator must’ be more than that of each. 
of two cells to be compared, 


15. Work Done in an Electrical Circuit : If a charge of Q 
coulombs flows in t seconds in a conductor maintained at a potential 
difference of V volts and as a result a current of G amperes is deve- 
loped in the conductor of resistance R ohms, then the work done or 
electrical energy spent is given by : 


W=Q.V=C.V.t=C?.R.t joules 
Also Power=—— =C.V joules/sec. 


Watts =(Amperes) x (Volts) 
1 Watt x hour=3600 joules 
and 1 Kilo-watt x hour= 3600 x 1000 joules. 
K.W.H. (Kilo-wattXhour) unit or B.7'.U. (Board of Trade 
Unit) is that unit in which electrical energy is bought and so'd. Thus 
y wattsXx hours _ amperes X volts x hours 
No. of K.W.H. units= 7000 = p i 


16. Heating Effect of an Electric Current : Assuming the quanti- 
ties as given in Art. 15 above, let H calories be the amount of heat 
produced due to conversion of electrical energy. Remembering that , 
J=42x 107 ergs/calorie=4°2 joules per calorie, we get 


Gye alories 
gg ori 


L ORR 
42 
This last relation states Joule’s Law mathematically (HO? ; 


H œ R; H œ t) and there are lots of electrical instruments based on 
heating effect of currents. 


17. Chemical Effect of an Electric Current : It is also called 
electrolysis which is the splitting-up of a material (usually in solution} 
into ions by the passage of an electric current through it. This is 
done in an electrolytic cell or a voltameter. In the cell is the clectrolyte 
which immediately breaks up into ions. The more dilute is the electro- 
lyte, the greater is the number of free ions in the electrolyte. The current 
enters and leaves the voltameter by the electrodes—the one by which 


it enters is called the ansde and the other by which it leaves is called 
the cathode. 


H= 


calories 


Ít is at the cathode that H3 and metal ions are deposited. 
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18. Faraday’s Laws of Electrolysis : 

(i) The amount of an ion deposited on an electrode is propor - 
tional to the quantity of charge (Q) passing, i.e. the product of 
current (C) and time (t). 

` (ii) The mass (W) of an ion deposited is proportional to its 
chemical equivalent. 

Thus Wo C.t or W=Z.C.t 


where Z is a constant called the electro-chemical equivalent (E.C.E.) 
of the element. It is defined as the mass of the element deposited 
when | coulomb ‘charge (or 1 amoere current for 1 second) flows 
through its solution “Z”? varies from element to element and is 
proportional to the chemical equivalent. 


19. Applications of Electrolysis : Accumulators, purification of 
metals, clectroplating*, electrotyping, verification of accuracy of 
ammeters, determination of reduction factor of a Tangent Galvano- 
meter, determination of chemical equivalent or atomic weight of an 
element are some of the important applications of electrolysis. 

The processes of charging and discharging of an accumulator 
are accompanied by a change in the concentration of its electrolyte— 
on discharging, the specific gravity decreases and on charging it 
increases. 

20. Faraday’s Laws of Electro-magnetic Induction : 

(i) As long as there is a change in the number of magnetic lines 
of force passing through a closed coil or circuit, an induced current 
or E.M.F. is set up in the coil. 

Whenever there is an increase in the magnetic lines of force; an 
inverse current is set up and for a decrease in the magnetic lines of 
force a direct current is set up in the closed coil. 

(ii) The strength of the induced current or E.M.F. is directly 


Proportional to the rate of change in the number of magnetic lines 
of force traversing the closed coil. 


21. Direction of Induced Current or E.M.F.: There are 3 ways 
of knowing the direction of the induced current or E.M.F. set up in a 
closed coil on account of electro-magnetic induction : 


(i) Faraday’s way : 
* Increase—Inverse ; Decrease—Direct, 


(it) Lenz’s way : The direction of induced current or E.M.F. 
is such that it opposes the same agency which gave birth to it. This is 
known as Lenz’s Law. 


*Immediately after electroplating, the article is thoroughl i 
distilled water so that the fresh deposit is not oxidised. oe esnediiwiih 


The deposit will be spongy and brittle if we use a strong current. 


ee deposit will not be uniform but will be spotted if we use unsteady 
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(iii) Fleming’s way: If the thumb, first finger and 
MOTION 


middle finger of the right hand 
are held mutually perpendicular, 
with the first finger in the direc- 
tion of the magnetic field (or 
flux) and the thumb in the direc- 
tion of motion of the closed coil, 
then the middle finger points in 
the direction of the induced 
current or E.M.F. (Fig. 7-16). 
This is known a Fleming’ 
Right-hand Rule. 


22. Eddy Currents : By Faraday’s Law, an E.M.F. is generated 
whenever the number of magnetic lines of force through a circuit 
.changes. If a piece of metal is placed in a variable magnetic field, 
‘an E.MF. will be set up between different parts of the metal piece. 
„Since the metal is a good conductor, currents will flow between its 
various parts. Currents of this type are called eddy currents. 


‘23. Applications of Electro-maguetic Induction : 


_ (ù) Induction coil : Its purpose is to produce a strong wnidirec- 
‘tional current from a low D.C source. Itis achieved by using (a) 
.a primary coil of relatively less turns of thick copper wire, (b) a 
secondary coil of many (several thousands) turns of fine copper wire, 
cand (c) automatic make and break mechanism in the circuit of the 
primary coil. A condenser is also included across the contacts of the 
make and break arrangement. Its (condenser’s) puroose is to avoid 
‘sparking and speed up the break action. 


; (ii) Transformers : The purpose of a transformer is to pro- 
vide from an A.C. source a voltage which is either greater or less than 
that of the source. When voltage increases, the current decreases 


and vice versa because wattage of the source is constant (and watts 
= amperes X volts). 


No. of turns of Primary Coil Primary E.M.F. 
No. of turns of Secondary Coil ~ Secondary E.M.F. 


___Secondary Current 
~ Primary Current 


_. In a step-up transformer, voltage in the secondary coil is 
higher than that in the primary coil which is made of thick wire 


while the secondary coil is of thin wire. The opposite is true for @ 
step-down transformer. 


__ (ii) Telephone : It is a device to transmit sound to a distance 
with the help of electricity (Tele ..... afar, phone ...... sound). The 
instrument was first invented by Alexander Graham Bell (1875). 
Modern telephone is a modified form of Bell’s instrument. The 
sound waves are made to strike against a diaphragm to set it into 
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‘vibration, It isin immediate contact with carbon particles which 
are also set into vibration. A battery sends current through these 
‘carbon granules, in the telephone jine. With the variation in the 
‘compression of granules, the strength of the current is altered. At 
the distant end, the electric energy is converted back into sound 
vibrations by the receiver. 


(tv) Dynamo : A dynamo or generator is a machine used to 
‘convert mechanical energy into electrical energy (A reversed dynamo 
is also called motor which converts electrical energy into mechanical 
energy). The fact that an E M.F. is induced in a conductor or a 
‘closed coil when it cuts magnetic lines of force is the basis of the 
‘dynamo. But the direction of this induced E.M.F. or current 
‘changes after its every half revolution. Hence initially a dynamo 
generates A.C (ùe. Alternating Current) which is transmitted from 
‘the dynamo with the help of two separate rings. A.C. can be con- 
verted into D.C. with the help of a simple device called commutator or 
-split-ring method. 

The strength of an A.C. changes all the time between a maxi- 
mum and a minimum value. Its net effect is indicated in terms of 
‘its R.M.S. (Root Mean Square) values. For a 230-volt supply, the 
maximum or peak voltage is 2304/2=325 volts. 


The ordinary house-supply-currents at 200—250 volts rarely 
«cause fatal accidents because the resistance of the body is quite large 
so that very little current passes through it. If however, the body is 
well “earthed”, these voltages will prove fatal. 


The ratio of the true watts to the apparent watts developed in 
a component of a circuit through which an A.C. is passing is called 
power factor. It is equal to the cosine of the phase angle. 


24, Electronics : It is the science that deals with the use of elec- 
trons emitted from solids or liquids and made to move through 
vacuum or a gas. 

The radio, T-V., Radar, electron-microscope, betatron, cyclo- 
‘tron, X-ray machine, sound-film recording and reproducing appara- 
tus, the electronic brain (ùe. computors), automatic traffic control, 
etc. are all electronic devices. 

The lights of neon signs, sodium vapours and mercury vapours, 
and flourescent lamps are all produced by high speed electrons 
‘dashing through a gas. 


25. Transistor : It was invented by two American scientists : 
Bardeen Brattain and Shockley in 1948. This device consists of a 
piece of semi-conducting solid like germinium or silicon to which 
‘contact is made at appropriate places by three wires. The parts 
resemble in function the cathode, anode and grid of a thermionic (or 
triode) valve. Transistor can perform many of the operations for 
which valves have been used in radio and television. The use of 
transistor valves has'helped to reduce the size of the radio and T.V. 
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sets considerably and thus they have been made more handy and 
easily portable. 
26. Television : It was invented by John L. Baird. Television is 
a process of transmitting and receiving visual images electrically. The 
process of communication consists of changing light rays into 
electrical waves, radiating them into space and receiving them on the 
apparatus as visible light rays. The image to be transmitted is divided 
into thousand of light spots which trace a number of parallel hori- 
zontal lines across the viewing screen. As its spot moves along each 
line, its brightness is changed, so it recreates the lights and shadows 
along each line. When the image has been fully covered, the light 
spot returns to the starting point and traces out another picture. The 
pictures move in succession like the frames of a motion picture, 
reproducing the image. In this way, a complete picture is made out 
in th of a second. There are 525 scanning lines from the beginning 
of one picture to the beginning of the next. Usually television waves 
cannot be seen beyond 120 to 160 km. In U.S.A. and U.S.S.R., 
however, T.V. broadcasts are seen throughout the country by the use 
- of coaxial cables and now with the help of satellites. 


27. Radar: The word “RADAR” is an abbreviation of Radio 
Detection And Ranging, the original and still principal application of 

_the instrument. The name is applied to both the technique and the 
equipment used. 


Detection of an object with radar is achieved by transmitting 
radio waves of very short wavelengths into the atmosphere. When 
an object enters into the transmitting beam, it reflects back some of 

„the waves which are received by the instrument. The distance of 

` the object is calculated from the time taken by the radio waves to 
strike the object, get reflected and to reach the transmitter. Ihe 

. actual indicator usually takes the form of one oc more cathods ray 

, tubes which act as radar screen, From the variations in the pattern 
of light appearing on the radar screen, the direction (and often the 
size) of the object intervening the radio beam can be estimated. 


During Second World War, radar was employed by aeroplanes 

_ and by ships for locating enemy ships. In peace time, it has been 

used in controlling of aircrafts approaching and leaving airports, in 
ground and air surveying and for meteorological purposes. 


Objective Type Questions 


CHAPTER XL 
PRIMARY CELLS 


I. Complete the following statements with suitable 
words or phrases : 


_ (1) A Leclanche cell gives....-.current whereas a Daniell cell 
FIVES. current. z 


(2) In the Leclanche cell, ...... is used as depolariser. 

(3) The depolariser used in the Daniell cell is...... 

(4) The electrolyte in the Leclanche cell is......and in the sto- 
rage cell is...... 

(5) A battery is a group of...... - 

(6) Bunsen cell has the...... E.M.F. and the voltaic cell has the 
Ati E.M.F. 

(7) In the secondary cell,..... energy is first converted into...... 
energy and then...... energy is converted back into...... energy. 


(8) The E.M.F. of the lead accumulator is...... when fully 
charged and......when discharged. 


(9) Cells are connected in...... when the internal resistance is 
very large and in...... when the external resistance is very large. 
(10) A voltaic cell consists of...... and......plates immersed in’ 


If. Select the appropriate completions from the clues 
provided against each statement : 


(1) ~....is stored by the storage cell. 
[Electric current, Electrical energy, Chemical energy] 


(2) For electric bells,......cell is used and for telegraph work, 
Asta .cell is used. (Leclanche, Daniell, Bunsen] 


(3) A storage cell has a...... internal resistance, [zero, low, high] 
(4) The Dry cell is actually a......cell and it works as long as 
its contents are...... (Daniell ; Leclanche ; dry ; wet] 


(5) The E.M.F.s of Leclanche cell, Daniell cell, Voltaic cell, 
lead accumulator and Bunsen cell are respectively......volts. 


[1°15 1°08 5 1°5 ; 1°90 ; 2:2] 
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(6) E.MLF. of a cell is ~...than its potential difference. 
[smaller, greater) 


(7) Polarisation is removed by the mechanical method Hiraet 
cell. [Daniell ’s, Bunsen’s, Smee’s} 
(8) The zinc and carbon in a dry cell are...... 
[electrolytes ; electrodes ; electric generators] 
(9) In a voltaic cell, the reaction between pure zinc and HS0, 
starts only when Cu and Zn rods are connected externally because.....+ 
(a) it releases electrons to maintain the current. 
(b) it helps in keeping the two rods at different contact 
potentials. 
Ill. Pick out the correct statements : 


(1) Polarization is due to the presence of hydrogen on -+ve 
plate pr ° duced by the action of sulphuric acid on zinc in the cell. 


(2) Local action is due to the presence of impurities in the com- 
mercial zinc and is removed by amalgamating the zinc rod. 


(3) In Bunsen’s cell, polarisation is removed by chemical 
method, and in Daniell’s cell it is removed by electro-chemicak 
method. 


(4) A dry cell is actually a dry one. 
(5) Strong current is produced by a cell. 
(6) Ina cell, chemical energy is converted into electrical energy.. 


(7) A battery hydrometer is used to find the charged or dis- 
charged state of a lead accumulator. 


(8) On charging a lead accumulator, the sp. i ‘ 
is raised and on discharging it is lowered. sie eee ae 


IV. Which are Primary, Secondary and Standard Cells ? 
Select from the following : 


(1) Leclanche cell ; (2) Daniell cell ; (3) Bunsen cell ; 
(4) Volta’s pile ; (5) Grove cell; (6) Torch-battery 3 
(7) Nife-cell ; (8) Weston-cadmium cell ; 


(9) Motor-car batteries : (10) Chromic acid Cells. 


CHAPTER XLI 
GALVANOMETERS 
I. Completion Test : 
(1) Magnetic effect of an electric current was discovered by 


(2) Magnetic lines of force rou W . i 
nd a st. wire carr 
current are ..... in shape. rying an electric 


(3) In a Tangent Galvanometer, 


(4) Current C= Si 
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(5) For measuring currents, the Tangent Galv. coil must be 
set with the plane of the coil...... 


(3) "Seca of the laminated magnet is required in the Moving 
Coil Galv. 
(7) Tangent Galv. is also called...... 
(8) 1 e.m.u. of current=...... amperes. 
(9) A voltmeter has a... ..resistance and an ammeter has a...... 
resistance. 
(10) A voltmeter is joined in...... and an ammeter is joined in...... 


with the rest of the circuit. 
(11) The range of a galv. can be.....-by the use of a shunt. 
(12) Two long parallel wires carrying currents in the same 
direction will...... each other. 
(13) The law of like parallel currents can be demonstrated with 
the vibrating spiral experiment of...... 
(14) Fleming’s Left-hand Rule can be demonstrated with the 
help of...... 
II. Selection Test : 
(1) For converting a Moving Coil Galvanometer into an am- 
meter, a...... resistance is employed in.....- to it. 
[high, low, parallel, series] 


(2) For converting a Moving Coil Galvanometer in a volt- 
meter, a...... resistance is employed in...... to it. 


[high, low, parallel, series] 

(3) The magnetic intensity due to current-carrying coil acts 

Beets to the plane of the coil. [parallel, perpendicular] 

(4) If the current is flowing in the clockwise direction, when 
looking upon the end of a coil of a wire, that end will be a...... pole. 

[north, south, neutral] 

___ (5) The plane of magnetic lines of force surrounding the straight 

wire, carrying an electric current, at any point is...... to the plane of 

the current. (parallel, prependicular] 

(6) In Fleming’s Left-hand Rule, first finger represents 

central finger represents...... , and thumb represents...... 


(current, field, motion of the conductor] 
(7) Magnetic field is not associated with...... 


(a) a charge in uniform motion. (b) an accelerated charge. 
(c) a decelerated charge. (d) a stationary charge. 


(8) The electric charge sitting on an electroscope produces in 
the surrounding space....... 


(a) electric field only. (b) magnetic field only. 
(c) both electric and magnetic fields. 
(d) neither electric field nor magnetic field. 
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(9) A charged particle moves through a magnetic field. The 
effect of the field is to change the particle’s 


(a) direction of motion, (b) mass, (c) speed, (d) energy. 


(10) It is possible to measure the passage of 50 electrons per 
second with a certain sensitive device. This corresponds to a current 
of approximately... 

(a) 8:0 10-38 ampere. (b) 1°6 x 10-2 ampere. 

(c) 80x 10-*° ampere. (d) 1°6x 107! ampere. 
(11) Sensitiveness of a Tangent Galvanometer increases by 

(a) using a long and heavy pointer. 

(4) decreasing the controlling magnetic field. 

(c) decreasing the number of turns in the coil. 

(d) increasing the radius of its coil. 

(e) increasing its reduction factor. 


(12) Sensitiveness of a M.C. Galvanometer increases by 
(a) decreasing the number of turns in the coil. 
(b) decreasing the area of the coil. 
(c) increasing the controlling magnetic field. 
(à) increasing its reduction factor. 
(e) increasing the temp. of the laboratory. 
(13) The magnetic field of the earth is approximately 03 gauss. 
The strength of the magnetic field in a M.C. Galvanometer is 
(a) <0°3 gauss. (b) =0°3 gauss. 


III. Choose the correct statements : 


(1) A magnetic field does not always 


y produce a force on a 
moving electron. 


(2) Shunt is used for protecting a sensitive galv. 


(3) F= 2 Z = is the strength of magnetic field at the centre 


of a coil carrying O amperes of current. 
(4) C= 
a shunted galv. 


S y 
SIG XC gives the strength of current passing through 
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Qi me, 


(5) K= e.m.u. of current is the reduction factor of a 


‘Tangent Galv. 


(6) Due to a straight conductor carrying current, the magnetic 
lines of force are circular all around the conductor and the plane of 
the current is at right angles to that of the magnetic lines of force. 


(7) By increasing (a) the number of turns of wire and (b) the 
area A, the sensitiveness of a M.C. Galv. can be increased. 


(8) If a-conductor carrying current is placed in a magnetic field 
‘due to a fixed magnet, the motion of the conductor is given by Flem- 
ing’s Left-hand Rule. 


(9) Oersted discovered the magnetic effect of an electric current. 


(10) Ina M.C. Galv., a radial field is obtained by fixing a soft 
iron core in-between the concave poles of its magnet. 


CHAPTER XLII 


QHM’S LAW AND RESISTANCE 


I.. Completion Test : 
(1) When V=1 volt, and R=1 ohm, then under Ohm’s Law, 


C=...... 

(2): caused is the resistance offered by one cm. solid cube of the 
material of the wire. 

(OY) isso is a unit of a resistance, —... is a unit of specific resis- 
tance and ...... is a unit of electric conductance. 

(4) In an electrical circuit, ...... is generally used to vary its 
resistance. 

(5) E.M.F. of a cell=its P.D. in a/an ..... 3 

(6) In a resistance box, different resistances are connected in 

(7) Resistance ...... with the increase in the temp. of a semi- 
‘conductor. 

(8) Resistance ...... with the increase in the temp. of a con- 
-ductor. 


(9) E.M.F. of two cells can be very accurately compared with 


the help of a/an...... 
(10) Arms P and Q are called ..... of a Wheatstone Bridge. 


(11) Metre Bridge gives ...... accurate result than P.O. Box. 
II. Selection Test : 
(1) Resistance ...... the flow of charge. 


[opposes, increases, decreases] 
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(2) A perfect conductor has ...... resistance, while a perfect 
insulator has...... resistance. [smal], infinite, zero] 


(3) Metals have high conductivity because they have 
(a) a solid crystalline structure. 
(b) electrically positive iron cores. 
(c) loosely-bound atoms in the body. 
(d) a large number of conduction-electrons in the body. 
(4) For the same current to pass, the speed of electrons in a 


wire will be... . if the wire is thick than if it is thin. [less, more} 
(5) Resistance of a carbon filament...... with the increase in 
temperature. [increases, decreases] 
(6) Resistance of an electrolyte...... with the increase in tempe- 
rature. {increases, decreases] 
(7) When you switch on an electrical appliance at home, you 
have a/an...... circuit. [open, closed, short, series] 


(8) When an elcctric field is applied across a metal, 
(a) it greately accelerats the electrons. 


(b) it only changes the direction of motion of the electrons 
but does not increase their speed. 


(c) the acceleration of electrons is in the direction of the 
electric field and is small. 


(d) the acceleration of electrons is small but can be in any 
direction. 


(9) When no P.D. is applied, no current flows through a wire 
because 


(a) the motion of the electrons is in all possible directions. 
(b) the electrons are at rest. 


(c) the electrons move along the wire with constant speed 
without acceleration. 


(d) the electrons collide with imperfections. 


(10) When there is no electric field, there is no current in a 
circuit because 


(a) the electrons do not move at all. 
(b) as many electrons move in one direction as in another. 


(c) the electrons and the ions move with the same velocity. 
(d) the resistance is infinite. 

(11) For a given P.D., the current in a circuit is proportional to 
(a) the volume of the wire. 
(b) the cross-section and inversely to the length of the wire. 
(c) the length and inversely to the cross-section of the wive- 
(d) the inverse of the volume of the wire.. 
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(12) Which one of the following materials would you choose for 
making the coils of a resistance box ? 


(a) copper ; (b) brass ; (c) constantan ; (qd) steel. 
(13) Resistance will be more if the wire is... [thick, thin} 
(14) Resistance of a wire will...... if it is made hollow. 
[remain same, increase, decrease] 
(15) Specific resistance of a wire will...... if it is made hollow. 
: [remain same, increase, decrease} 
(16) Specific resistance generally...... with temp. 
[increases, decreases] 


(17) You have two copper wires of 50 and 100 cm.. lengths, 
and | and 2 mm. in diameters respectively. Then the sp. resistance 
A 


(a) thicker wire is more. (b) thinner wire is more. 
(c) both is same. 


(18) The unit of sp. resistnnce is...... 
[mho, ohm, ohm X cm., ohm per cm., ohm per cm*} 


(19) Total resistance...... when several conductors are joined in 
parallel and...... when they are arranged in series. 
{decreases, remains same, increases} 


(20) A galv. can be converted into an ammeter by using a 
(a) low resistance in series. (b) low resistance in parallel. 
(c) high resistance in series. (4) high resistance in parallel. 
(e) potential divider. 


(21) Resistance of a milliammeter EB AR than that of an ammeter. 
[less, greater]; 


(22) To convert an ammeter into a milliammeter, the resistance 


of the shunt has to be.....- {increased, decreased] 
(23) Deflection of a M.C. ammeter for a given current will.....- 
if the strength of the magnet were increased. {increase, decrease] 


(24) A galv. can be converted into a voltmeter by using a 
(a) low resistance in series. (b) low resistance in. parallel. 
(c) high resistance in series. (d) high resistance in parallel. 
(e) potential divider. : 
(25) Resistance of an ideal voltmeter will be...... (zero, infinite] 


(26) Resistance of a millivoltmeter will be......than that of a 
[less, greater} 


voltmeter. A ' ‘ 
(27) A student has ten 0'1 ohm resistors. The maximum resist- 
ance he can make with them ISstas- ohm/ohms. P 2,5, 10] 
(28) A student has ten 0'1 ohm resistors. The smallest resistance 
he can make using all of them is......ohm. bisti Zoo, Feu] 


(29) Whenever P.D. across the two ends of a conductor is 
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‘measured with the help of a voltmeter, the accuracy of the reading 
US see ene 


(a) <100% (6) = 100% (c) >100% 
(30) ......is an application of Wheatstone’s Bridge. 
[P.O. Box, Potentiometer] 


(31) Accuracy of results given by a Metre Bridge is......that given 
by a P.O. Box. 


(a) less than (b) equal to (c) greater than 


(32) If r be the internal resistance of a cell and R the resistance 
of its external circuit, then for obtaining maximum current we should 
‘connect several similar cells in series, if 


(a) R<r (() R=r (c) Rẹr. 


(33) For obtaining maximum current, we should connect several 
‘similar cells in parallel, if 


(a) RSr b) R=r (c) rSR, 


(34) For obtaining maximum current, cells should be connected 
in a Mixed Grouping, if 


(a) Rẹr (6) rS>R (c) none of these two. 


(35) Internal resistance of a dry cell is much...... than that of the 
wet Leclanche cell. [more, less] 


(3) A potentiometer is an ideal instrument for measu: 
E.M.F. because 


(a) it has a long wire, 

(b) it uses a sensitive galvanometer. 

(c) it does not disturb P.D. it measures, 
(d) it is an elaborate arrangement. 


ring P.D. or 


HI. Choose the correct statements : 

(1) The electric current in a wire is due as much to Positive 
ions going one way as electrons going the other Way. 

(2) Standard resistances are made of 
‘because these metals have negligible temperat 

(3) Specific resistance is numerically equal to the resistance 
offered between the Opposite faces of one cm. solid cube of wire. 

(4) 1 ohm = 9X10" e.m.u. of resistance. 

(5) lohm = 10% e.s.u. of resistance. 

(6) 1 ampere = 3x 109 €.s.u. of current. 

(7) 1 e.m.u. of charge = 3 x 1010 


manganin or constantan 
ure-coefficient, 


€.s.u. of charge*, 


E I 
(8) 1 e.m.u. of potential = 3x1ow ©S-U. of potential. 


*c=3 x 1029 cm/sec, is the velocity of light in air. 
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(9) 1 e.m.u. of capacity = (3x 10")? e,s.u. of capacity. 
(10) 1 e.m.u. of current = 3X10" e.s.u. of current, 
(11) A fuse wire has a high resistance. 
(12) For a thin wire, resistadce has a low value. m 
(13) For a thin wire, sp. resistance has a low value. 
(14) For a longer wire, sp. resistance has a high value. 


(15) On applying pressure to a metal, the amplitude of atomic 
vibrations decreases. This would cause a decrease in the electrical) 
conductivity. 

(16) E.M.F. of a cell is numerically equal to the work done by 
the cell per second in maintaining a unit current. 

(17) E.M.F. of a cell is numerically equal to “the work done in 
joules per coulomb of electricity taken in a circuit in which the cell is. 
connected across a 1-ohm resistance. 

(18) E.M.F. of a cell varies with the current flowing through the 
cell. 


(19) Fall of potential along a uniform wire is also uniform, 
IV. Matching Test : 


Column A Column B: 
Ra ; 5 
(1) s= i denotes (a) mixed grouping. 
(2) E—V=C.r measures (b) internal resistance: 
by Potentiometer- 
method. 


(3) Current flowing in the conductors (c) sp. resistance. 
will be the same when they are 
joined in 

(4) Potential difference between the (d) lost-volt in a cell.. 
ends of each conductor will be the 
same when they are joined in 


(5) o5 op gives maximum (e) parallel. 
current for cells in 
(6) r= aoa XR gives (f) series. 
E 
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CHAPTER XLIII 
HEATING EFFECT OF CURRENTS 
I. Completion Test : 


(1) Joule’s Law of heating states that the amount of heat pro- 


duced in a conductor is directly proportional to the...... of the current, 
ee of the conductor and the ...... of passing the current. 

(2) Borne. filament is used in incandescent lamps, and is more 
serviceable than...... 

(3) Coiled-coil lamps are ...... than straight filament lamps. 

(4) Wattage=...... Kiras 

(5) A 40 watt-220 volt lamp has...... resistance than a 40 watt- 


110 volt lamp. 


(6) A straight filament Jamp loses......heat than the coiled coil 
lamp. 


(7) Fuse wire has...... melting point. Ic is made up of... 
(8) Mees. 2 wires are used in the staircase wiring. 


(O): or --... is used for making resistance coils while 
‘is used as an clement of the heater. 


(10) If temp. is to be measured with a potential-measuring device, 
we should need...... 


(G13) A converts heat energy into electrical energy. 
II. Selection Test : 
(1) An electron of mass M kg and charge Q coulombs travels 
from rest through a P.D. of V volts. Tts final energy is... joules, 
QV ; Q.V ; MOV; Q.VIM ; QVM) 


(2) Themocouple is formed by the combination of...... diff 
rent metallic wires. [two, three, four] 


(3) Thermocouple is used for 
[converting heat energy into chemical or electrical energy 
or detecting more heat in the furnace] 


(4) Lamps used for household lighting are connected in 
while for street lighting they are connected in 
(5) Thermopile is used for ...... 
[storing the electrical energy, measuring the 
heat energy or radiant energy] 
(6) A 3°C rise in temp. is observed in a conducto 
-certain current. When th 


r r by passing a 
€ current will be doubled, the rise in temp. 
will be...... wet, 


[15, 20, 9, 12] 


wives (parallel, series] 
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(7) Certain substances lose their electrical resistance at very low 
temp. These substances are called 


(a) insulators (6) semi-conductors 
(c) good conductors (d) super-conductors. 
() hes invented electric lamp and ...... discovered thermo- 
electricity. [Seebeck, Thomas Edison, Newton] 
(9) The resistance of a tungsten wire ...... with temp. 


[increases, decreases] 


(10) There are three clectrical bulbs of 25 watts, 60 watts and 
100 watts rated for 250 volts. The ...... watt lamp will have the 
highest resistance. [25, 60, 100] 


(11) If two bulbs of 25 and 100 watts, rated at 250 volts, are 
connected in series across a 440-volt supply, 


(a) both the bulbs will fuse. (b) 25-watt bulb will fuse, 
(c) 100-watt bulb will fuse. (d) none of the bulbs will fuse. 


(12) Two bulbs, one of 50 watts and another of 25 watts are 
connected in parallel to the mains. The current à 


(a) through the 50-watt bulb is more. 

(b) through the 25-watt bulb is more. 

(c) is same in the two bulbs. 

(4) is difficult to be determined from the given data. 


(13) The two bulbs of Q. 12 are connected in series to a 220 
volt line. Then 


(a) the potential drop across the two bulbs is the same. 

(b) the potential drop across the 25-watt bulb is greater 
than that across the 50-watt bulb. 

(c) the potential drop across the 50-watt bulb is greater 
than that across the 25-watt bulb. 

(d) the potentinal drop across both the bulbs is 200 volts. 


(14) You have the following appliances each of 500 watts run- 
ning on 220 volts: (a) electric iron, (b) electric lamp, (c) electric 
room-heater. The electric resistance is 


(a) maximum for the heater. 

(b) maximum for the lamp. 

(c) maximum for the electric iron. 
(d) same in all the three cases. 


(15) The amount of current flowing through a household circuit 
depends upon 


(a) the resistance of the entire circuit. 
(b) the P.D. which forces the current to flow through the 


circuit. 


(c) both a and b. (d) neither a nor b. 
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(16) If a lamp-bulb is operated below the voltage marked) 
on it, 
(a) the consumption of electricity will be high. 
(b) the bulb will not last long. 
(c) the light will not be dim. (d) the fuse will blow. 
(17) All the electrical appliances in a home are connected in: . 
«+= While main switches and fuses are connected in...... 
[series, parallel] 
(18) It is ...... to use a thick piece of copper wire to replace a 
burnt-out fuse. [dangerous, useful], 
(19) For measuring the strength of an A.C., we can use 
(a) a hot-wire ammeter. (b) a galvanometer. 
(c) a moving coil ammeter. (d) all of the above. 
(e) none of the above. 
(20) Power is transmitted from a power house on high voltage 
A.C. as 
(a) the rate of transmission is faster at high voltage. 
(b) it is more economical due to less power wasted. 
(c) power cannot be generated at low voltage. 
(d) a precaution against theft of transmission lines. 
(21) Kilowatt x year is the unit of 


(a) electrical power. (b) electrical energy. 
(c) resistance. (d) capacity. 
(22) Cases gas is used in electric bulbs to protect them from 


fusing on account of any increase in the supply voltage. 
(Hydrogen, Oxygen, Inert} 
(23) Neon lamps are...... expensive to use than ordinary light 


bulbs. [less, more], 


CHAPTER XLIV 


CHEMICAL EFFECT OF CURRENTS 
I. Completion Test : 


(C DS: is the process of decomposition of an electrolyte by the 
passage of......electric current. 


(2) The electrodes where the electric current enters and leaves 
a voltameter are called...... and...... respectively. 


(PMs! are deposited on the anode and are..... charged. 
(4) ......are deposited on the cathode and are......charged. 
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(5) During electrolysis, all......go to the cathode while Hydro- 
gen is the only....--which also goes to cathode. 


(6) When a current of 1 ampere is passed for l sec. through an 
electrolyte, then the weight of the ion deposited is equal to its... 


(7) E.C.E. of hydrogen=...... 
(8) E.C.E. of an element=...... X Eq. Wt. of the element. 
(9) Ina lead-storage type battery, the liquid (electrolyte) used 


(10) ecas electrodes are to be used in electrolysis of HOL 


II. Selection Test : 


[0 zess is based on the process of electrolysis. 
[Electroplating, Electrotyping] 


(2) Manufacture of.....-is due to electrolysis. 
[metals, chemicals, acids] 


(3) Electrolysis helps in the purification of...... 
[acids, metals, mixtures] 


(4) In electroplating,......is made base metal, i.e. the object to 
be electroplated. [cathode, anode] 


(5) Laws of electrolysis were given by....-- 
(Fleming, Newton, Faraday] 


(6) Electrodes are made up Of. ase in a water voltameter. 
[copper; gold, platinum] 


(7) In the electrolysis of HCl, electrodes used are made of...... 
[copper, carbon, platinum] 


(8) Two copper-plated platinum electrodes are immersed in a 
copper sulphate solution and a current is passed. Nothing appears to 
happen at first, but eventually the copper sulphate colour disappears 
and gases appear at the electrodes. This colourless electrolyte is...... 

(a) platinum sulphate solution. 
(b) platinum hydroxide solution. 
(c) copper hydroxide solution. 
(d) dilute sulphuric acid. 


(9) Hydrogen ions are...... 5 [cations, anions] 
(10) Metal ions are ..... [cations, anions] 
(11) Oxygen ions are...... [cations, anions] 
(12) Chlorine ions are...... [cations, anions] 

' (13) Anions are charged...... [positively, negatively, neutral] 
(14) Cations are charged ..... , [positively, negatively, neutral] 


(15) One faraday is equal to ... coulombs. 
[69470, 96740, 96470] 


(16) Unit of E.G.E. is=... 
[gm./amp./sec. ; gm. Xamp./sec. ; gm. X coulomb] 
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(17) When a solution of silver nitrate is electrolysed, the weight 


of silver deposited on the cathode depends upon...... 
(a) equivalent wt. of silver ; (b) strength of solution ; 
(c) time ; (d) current-strength ; 


(e) temperature. 
(18) When several voltameters are joined in series to a source of 
current, the weights of ions accumulated on various electrodes are 
. proportional to 
(a) the atomic weights of various elements. 
(b) the electro-valency of various elements. 
(c) the chemical equivalents of various elements. 
(19) The capacity of a storage cell is measured in terms of...... 
[watt x hours ; ampere X hours ; volt x hours] 
III. Choose the correct statements : 
(1) Current is measured by an Ammeter. 
(2) E.M.F. is measured by a Voltameter. 
(3) Resistance is measured by a Voltmeter. 


(4) Current can be measured from the definition of Faraday’s 
First Law of Electrolysis. 


(5) The electric current, in a telephone, flows more easily when 
there is a loose packing of carbon grains. 


(6) Electrolytes pass D.C. but not A.C. 


(7) Copper sulphate solution has ions in it. Therefore it con- 
ducts electricity. 


CHAPTER XLV 


ELECTRO-MAGNETIC INDUCTION AND 
ELECTRIC MACHINES 


I. Completion Test : 


(1) From the Laws of Electro-magnetic Induction,...... and....« 
of induced current are given by Faraday’s First Law,......of induced 
current is given by Faraday’s Second Law while...... of induced 
current is given by Lenz’s Law. 


i (2) The two parallel wires will...... when the current is flowing 
in them in the same direction, otherwise they will...each other when 
current is flowing in opposite directions. 


(3) In an induction coil, the number of turns for primary is...--- 
than that in the secondary coil. 


AA) Seesee current is given by an Induction Coil. 


OBJECTIVE TYPE QUESTIONS (CURRENT-ELECTRICITY) 339 
(5) In a step-up transformer, what is gained in...... is lost in 


(6) The secondary coil of a step-up transformer consists of...... 
turns of wires than that of a step-down transformer. 


(7) An induction coil works with...... current only. 
(8) A transformer works on...... current. only. 
(CS) eee current is given by a transformer. 
(10) ......are used in an A.C. generator while......are used ita 
D.C. generator for making connections to the external circuit. 
GUD); r is a coil of wires that rotates in a motor or dynamo, 
‘between the magnetic poles. ’ 


(12) The metallic parts of the electric bell which is attracted by 
the electro-magnet is called...... 

(13) A relay is used in a......for long distance transmission of 
messages. j 

(14) House-wiring is done in such a way that all the electrical 
‘instruments can be connected in...... with the power supply. 


II. Selection Test : 
(1) Laws of electro-magnetic induction were given by...... 
(Fleming, Faraday, Lenz] 
(2) “Increase—Inverse ; Decrease—Direct”’ is......way of deter- 
‘mining the direction of the induced current. 
[Fleming’s, Faraday’s, Lenz’s] 
(3) “Induced current or E.M.F. opposes the very agency which 
created it” is......way of determining the direction of the induced. 
‘current. [Fleming’s, Faraday’s, Lenz’s] 
(4) Lenz’s Law is a consequence of the Jaw.of conservation of 
(a) charge. (b) momentum. (c) mass. (d) energy. 
(5) The induced current is directed by Fleming’s...... Rule while 
‘the direction of motion of the current-carrying conductor suspended. 
‘in a magnetic field is given by Fleming’s... „Rule. 
i [Left-hand, Right-hand] 
(6) An induced E.M.F. is produced when a magnet is plunged 
änto a coil. The strength of the induced E.M.F. depends upon the 


(a) temp. of the coil. (b) resistance of the wire of the coil. 
(c) number of turns in the coil. 

(d) speed with which magnet is moved. 

(e) strength of the magnet. 


(7) A metallic rod falls under gravity with ends pointing in the 
direction east and west. Then 


(a) no E.M.F. is induced at all, 
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(b) an E.M.F. is induced in it as it cuts H. 
(c) two E.M.F.s of equal but opposite signs are induced 
giving no net E.M.F. 


(8) The E.M.F. generated in a generator is 11000 volts. If 
everything else remains the same but the magnetic field is doubled, 
the E.M.F. generated will be...... volts. 


(a) 11000 (b) 5500 (c) 2750 (d) 22000 
rs (9) Principle of Induction Coil was enunciated by - ... 
: [Fleming, Faraday, Ruhmkorff] 
(10) Induction Coil was designed by...... 
(Lenz, Faraday, Ruhmkorff}! 


(11) An Induction Coil has a soft iron core which is .....while 
that of a transformer is...... 


[horse-shoe type, circular, straight, rectangular,"closed one) 
(12) Dynamo works on the principle of 
(a) induced magnetism. (b) induced electricity. 
(c) electro-magnetic induction. 
(13) Dynamo 
(a) creates electric energy, 
(b) converts mechanical energy into electrical energy. 
(c) converts electrical energy into mechanical energy. 
; (14) The couple 
depends upon...... 
$ (a) the number of turns in the coil. 
; (b) the area of the coil and the number of turns. 
(c) the strength of the field and the number of turns, 
(d) the area of the coil and the Strength of the field, 
(e) all of these. 


(15) What is the name of the device used to co. t 
_a higher voltage to a lower voltage or vice versa ? PME 


(a) wattmeter (c) commutator 
(b) transformer (d) transistor 


acting on an armature in an electric motor- 


(e) resistor 
(f) capacitor. 
(16) Rectifiers are used to convert 


(a) electrical energy into mechanical en 
(b) heat energy into electrical energy. 
(c) high voltage to a low voltage. 


(17) Transmission of power fi : 
» Dehli is possible for te te ig 


(a) D.C., (b) A.C. 


ergy, 


(3) A.C. to D.C. 
Dam Power House to- 


> (c) both for aand b, (d) radio waves. 
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(U8) merece invented telephone while...... invented electric tele- 
‘graphy. [Morse, Rontgen, Graham Bell] 


(20) Moving-Iron Meters work in...... circuit/circuits. 
(a) only A.C. (b) only D.C. (c) both A.C. and D.C. 
(21) Hot-Wire Ammeters Voltmeters work in... ..circuit/circuits. 
(a) only A.C. (b) only D.C. (c) both A.C. and D.C. 
(22) On Hot-Wire Ammeters, the scale graduations are...... . 
[equidistant, unequidistant 
(23) In which of the following electrical appliances will A.C. fail 
to function where D.C. is normally used ? 
(a) electric light ; (b) voltameter ; 
(c) a heating element ; (d) a cathode-ray tube ; 
(e) solenoid for an electro-magnet. 
(24) Electric power is generally transmitted at long distances 
(a) at high voltage and low current. 
(b) at low voltage and high current. 
(c) at same voltage and current. 
(25) Electric power is transmitted from a power house on high 
voltage A.C. as 
(a) the rate of transmission is faster at high voltage. 
(b) a precaution against theft of transmission lines. 
(c) it is more economical due to less power wasted. 
(26) The speed of rotation of a fan is reduced by putting a 
rheostat in series with the fan. The supply is D.C. We consume 
(a) less power than at full speed but less efficiently. 
(b) less power than at full speed but more efficiently. 
(c) the same power as at full speed. 
(d) more power than at full speed. 


Ill. Choose the correct statements : 


s (1) Mechanical energy is coverted into electrical energy by a 
ynamo. 


(2) Electric motors and moving coil galvanometers are funda- 
mentally the same. 


(3) Transformers can work only with A.C. 


(4) Modern transformers have a core of mica as this is a good 
insulator. 
5) We obtain A.C. from an Induction Coil. 


{6) Induction coil can be used as a step-down transformer. 
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(7) In a dynamo, the e.m.f. of the induced current depends. 
upon 


(a) the number of turns in the coil. 
(b) the strength of the field-magnets. 
(c) the speed of rotation of the coil.. 
(8) The law of conservation of energy is obeyed. by. Lenz’s Law.. 
(9) Morse key, Morse sounder and relay are the main parts of 
a telegraphic system. 


(10) The current-impulse of a telephone transmitter increases. 
when the carbon particles have more pressure acting on them. 

(11) A solenoid carrying a soft-iron core is called an electro- 
magnet. 


(12) On Hot-Wire Ammeters, the scale-graduations are marked. 
as proportional to the square of the current. 

(13) Commutator is a device used for converting D.C. into A.C. 

(14) The frequency of A.C. mains in India is 50 cycles/sec. 

(15) A motor can convert electrical energy into mechanical. 
energy. 

(16) Current taken by an electric motor cannot be calculated by. 
dividing the applied volts by the resistance in ohms of the motor. 

(17) There is an insulated 
or magnetic field. In any s 
electrons are moving freely, 


Piece of metal away from any electric. 


mall portion of it, even though the. 
the net electric current is zero. 


_ 


CHAPTER XLVJ 


` ATOMIC PHYSICS 
I. Completion Test : 


(1) To produce electric discharge between two spherical con-- 


ductors of | cm. radius and placed | cm. apart in air, a potential 
difference of about...... volts is required. 


(2) To produce electric discharge between two sharp points 
kept 1 cm. apart in air, a P.D. of about...... volts is required. 


(3) The length of a discharge tube used for the production of 
cathode rays is nearly...... and its diameter is about 


(4) ......takes place inside a discharge tube at a pressure cf 2 to 


3 cm. of Hg. when local glows appear on the electrodes while the rest: 
of the tube is completely dark. 


(5) The cont 
charge tube betwe 
is known as...... 


inuous and Juminous column filling the whole dis- 
en its electrodes'at a pressure of about 1. cm, of Hg: 


a 
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(6) In a discharge tube, .-... appears between the positive 
column and the negative glow at a pressure of about 0°5 mm. of Hg. 


(7) Ina discharge tube, at a pressure of about 0-1 mm. of Hg, 
another dark space known as...... appears between the cathode and 


(9) Cathode rays produce a fluorescence of...... colour where 
they strike the wall of the discharge tube made from soda glass. 


(10) In fluorescent lamps the material that emits ultra-violet 
radiations is...... 
(11) Cathode rays are......travelling with a velocity of...... 


depending upon the potential difference applied between the elec- 
trodes of the discharge tube. 


(12) Cathode rays are...... by an electric field...... by a magnetic 
field. 

(13) X-rays are produced when...... strike a metal of...... atomic 
number. 

(14) X-rays travel..... sand carry... charge and travel with a 
velocity of...... 

(15) X-rays have the power of killing...... 

(16) seey eesse and.....< are the three types of rays emitted by a 


radioactive substance. 


(17) The g-rays are......charged, rays rays are......charged 
while y-rays arë... charged. 


(18) y-rays are... B-rays are......and g-rays Are. s... 
(19) Rays consisting of helium nuclei are called...... 


(20) At the time of emission, a @-particle is always accompanied 
by another tiny particle called...... 


(21), ......and...... constitute the nucleus of an atom and not...... 


(22) Starting from the inner-most orbit of an atom around its 
nucleus, the maximum number of electrons which can be accomo- 
dated by various orbits is n 


(23) brait are the atoms of an element, having same chemical 
properties (or same atomic number) but different atomic weights. 
(24) ......are the atoms of an element, having same atomic 


weights but different chemical properties (or different atomic 
numbers). 


(25) The radiant energy from the sun is due to...... 


(26) -e is the phenomenon in which a series of spontaneous 
atomic fissions take place without outside intervention. 


(27) Radio-active substances...... energy continuously. 
(28)... atoms are transmuted into other atoms. 
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(29) Particle which is used for causing nuclear fission is 
(30) Uranium splits into two parts on absorbing a/an...... 
(31) An arrangement for uncontrolled chain-reaction is called 


(33) An arrangement for controlled chain-reaction producing 
plutonium is known as a/an...... 


II. Selection Test : : 

(1) On boring a hole in the cathode of a discharge tube at the 
time of production of cathode rays, we get...... „rays on the backside 
of the cathode. [positive, canal, cathode] 


(2) On boring a hole in the anode ofa discharge tube at the 
time of production of cathode rays, we get...... rays on the backside 
of the anode. [positive, canal, cathode] 

(3) Cathode rays travel in....., [st. lines, wave form] 


(4) To produce cathode rays, we apply a P.D. of....., type bet- 
ween the electrodes of a discharge tube. 


(D.C., A.C.] 
(5) When fast-moving electrons are stopped suddenly at a metal 
target in a partially evacuated e eeta 
(a) alpha particles are produced 
(b) X-rays are produced (c) heat is produced 
(d) metal becomes radioactive 


(e) metal burns, 
(6) To produce X-rays, we apply aP.D. of......type between 
the electrodes of an X-ray tube. 


[D.C., A.C.] 
(7) X-rays travel in...... [st. lines, wave form] 
(8) The velocity of X-rays in vacuum is......the velocity of light 
in vacuum. 


[greater than, equal to, less than] 
(9) X-rays are 
(a) deflected by a magnetic field. 
(b) deflected by an electric field. 
(c) not cflected by a magnetic field but deflected by an 
electric field. = 
(d) not deflected b 
electric field. 
(10) X-rays......the laws of reflection, refraction, interference, 
diffraction and polarisation, just like light. [obey, do not obey] 
(11) Generation of X-rays is an illustration of the 
(a) phenomenon of conversion of 
(b) principle of conservation of m 
(c) principle of conservation of m 
phenomenon of conversion of 


y a magnetic field as well as by an 


K.E. into radiant energy. 
ass, 

omentum. 

mass into energy, 
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(12) When an X-ray beam is incident on a crystal, it 
(a) cannot penetrate the crystal at all. ig’ ; 
(b) can penerate to a depth ofa few atomic dimensions. 
(c) can penerate about a centimetre. 
(d) can penerate any thickness. 


(13) The penetrating power of X-rays increases with the 
(a) increase in their velocity. 
(b) increase in their frequency. 
(c) decrease in their frequency. 
(d) increase in their intensity. 
-ray photon is 3:31X10-® ergs. Its 
aoe i Sar seule Chile Planck’s constant = 6°62 x 10727 
CTE X SEC.) 00000 
i (a) 5x10" (b) 2X107 (c) 6'62x 10-18 
(15) X-rays do not help us in the 
(a) study of crystal symmetry. 
(b) measurement of distances between atom 


(c) study of crystal surface. (d) study of crystal structure. 

(16) X-rays are...... to the human eye. [invisible, visible] 

(17) Penetrating power of X-rays...... with the density of the 
material. 


[increases, decreases] 

(18) Efficiency for the production of X-rays is 
(a) 100% (b) 99% (c) 50% 

(19) Elements of hi 
than those of lower ato 


(20) X-rays.. 


(a) 2x 10-38 


s in a crystal. 


(d) less than 1% 


gher atomic weight absorb X-rays...readily 
mic weight, 


[more, less] 
which they 
Liberate, do not liberate] 
(21) Under the action of a magnetic field, a-rays bend..., B-rays 
‘bend...and Y-rays bend 


[not at all, less, more] 


sr -clectrons from the surface of metals on 
all, 


` (22) An alpha particle 
(a) does not interact with electrons. 
(b) interacts with electro: 
(c) interacts with electr, 
(d) interacts with elect 


ns through electrostatic forces, 
ons through gravitational force S. 
rons through nuclear forces, 
electron, 
(a) loses most of its energy, 
(b) abruptly changes direction, 
(c) does not lose energy at all. 
(d) loses.a small fraction of its energy. 


(23) In interacting with an an alpha particle 
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(24) In its interaction with an alpha particle, the energy gained. 
by an electron 

(a) is retained by it. (6) appears finally as light. 
(c) is distributed amongst other electrons. 
(d4) appears finally as sound. 

(25) What is the correct composition of helium atom ? 
(a) 1 proton, 1 neutron and | electron. 
(b) 2 protons, | neurton and | electron. 
(c) 1 proton, 2 neutrons and 2 electrons. 
(d) 2 protons, 2 neutrons and 2 electrons. 

(26) Average radius of the nucleus is of the order of 
(a) 10-8 cm. (b) 10-10 cm. (c) 10713 cm. (d) 10-18 cm. 

(27) The mass of a nucleus is 20 times the mass ofa proton: 


which is 1°67 10-°4 gm. Then the density of the nucleus is of the 
order of 


(a) 1 gm./c.c. (b) 20 gm./c.c. 
(c) 10? gm./c.c. (4) 10-8 gm./c.c. 
(28) When combined in a nucleus, the total mass of the protons: 


and neutrons is less than the sum of their individual masses. This 
suggests that...... 


(a) ‘mass defect? is due to electrons surrounding the 
nucleus, 


(4) there is some unaccounted-for particle in the nucleus. 


(c) ‘mass defect’ accounts for the energy of electrons sur- 
rounding the nucleus, 


(d) ‘mass defect’ accounts for the ‘binding energy’ holding 
the particles together in the nucleus. 


(29) The nuclear force is 
(a) much greater than Coulomb and gravitational forces. 


(b) stronger than the gravitational force but not the 
Coulomb force. 


(c) stronger than the Coulomb force but not the gravita- 
tional force. 


(d) weaker than Coulomb and gravitational forces. 
(30) Electrons in an atom are held in the atom by 
(a) Coulomb forces (b) Van-der-Waals forces 
(c) Nuclear forces (d) gravitational forces. 
(31) A meson captured in an atomic orbit has 


(a) positive charge and mass equal to that of an electron. 
(6) negative charge and mass equal to that of an electron. 


= —— 
Se eg 
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(c) positive charge and mass 207 times that of an electron. 
(d) negative charge and mass 207 times that of an electron. 


(32) The process in which nuclei join to form a new nucleus and’ 
liberate heat is known as 


(a) catalysis (b) fusion (c) fission (d) electrolysis. 


(33) When an atom is split into, two or more parts, the process is 
called...... 


(a) fusion (b) fission (c) radioactivity* 
(d) an uncontrolled chain-reaction. 
(34) The process of fission occurs primarily in... 


(a) nuclear reactors; (b) sun; (e) hydrogen bomb ;: 
(d) atom bomb ; (e) chemical reactions. 


(35) The half-life of a radioactive element depends upon 
(a) temperature ; (b) pressure ; 
(c) amount of the element present ; 
(d) what the element is chemically combined with ; 
(e) none of the above. 

(36) Nuclear fission was experimentally observed by 


(a) Planck. (b) Fermi. (c) Rutherford. 
(4) Hahn and Strassman. 


(37) Unstable nucleus U28 will 


(a) emit «-rays. (b) emit B-rays, (c) emit y-rays.- 
(d) break-up into two lighter nuclear fragments. 
(38) Soon after fi : 


ssion, the fragments emit 
(a) X-rays, 


(b) visible light. 
(c) neutrons. 


(4) ultraviolet light. 
The -ray emitted by a radioactive substance is 
(2) an electron and comes from electron-orbits outside the: 


nucleus. 
(b) an electron which was existing within the nucleus. 


(c) an electron emitted by the nucleus due to the decay 
of a neutron inside the nucleus. 


(40) In electron-positron annihilation, there is 
(a) conservation of number of particles. 
(b) conservation of energy only. 
(c) conservation of momentum only. 
(4) conservation of both energy and momentum. 


(39) 


*Unit of radioactivit 
material which under; 
=1 millicurie. 


y isa rutherford which is the quantity of radioactive 
goes 108 disintegrations per second. Thus, 37 rutherfords 
(In a curie, number of disintegrations per second =3:7x 1010), 
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(41). The critical mass of fissionable uranium 235 can be reduc- 

-ed by 

(a) adding impurities to U*. . 

(b) heating the material. (c) cooling the material. 

(d) surrounding it by neutron reflecting material. 

The rate of self-sustaining chain-reactionin a mass of pure 
U5 will decrease 

(a) if the amount is less than the “critical mass”. 

(b) if the mass is just equal to the “critical mass”. 

(c) if the amount exceeds the ‘‘critical mass”. 


(d) always. 

(43) A nuclear reactor uses as a fuel 
(a) lead (b) beryllium (c) heavy water 
(d) uranium (e) graphite (f) zirconium 
(g] plutonium (4) cobalt (¢)titanium 


(44) Which of the following is/are used as a moderator in a nu- 
sclear reactor ? 


(a) heavy water (b) graphite (c) cobalt 
(d) titanium (e) cadmium ( f) lead 

(45) For nuclear fission, Einstein’s mass-energy relation is 
(a) E=mv (b) E=m.c¢? (c) E=F xs 


(46) During nuclear fission, ...... energy is released by 1 kg. of 
uranium. 


(a) 9X10" ergs. (b) 9x10 watts x sec. 
(c) 9x10% joules. 
(47) Cosmic rays refer to 
(a) X-rays coming from the sun. 
(6) X-rays coming from a star in the Milky Way. 


(c) high energy uncharged particles coming from outer 
space. 


(d) high energy charged particles coming from outer 
space. 


(48) The number of electrons emitted per second from a metal, 
when light falls on it, increases with 


(a) increasing number of photons. 

(6) increasing frequency of photons. 

(c) increasing wavelength of photons, 

(d) increasing velocity of photons. 
(49) Electro-magnetic field is radiated by 

(a) a stationary charge only. 
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(b) a charge in uniform motion only. 
(c) an accelerated charge only. 


(d) both an accelerated charge anda charge in uniform 
motion. 
(50) Electromagnetic wave is emitted by an atom when 


(a) electron jumps from a high energy stationary orbit to 
a low energy stationary orbit. 


(b) electron is rotating in a stationary orbit, 


(c) electron jumps from a Stationary orbit 


into the 
nucleus. 


(d) electron in the atom collides 


with another electron in 
the atom. 


(51) Which of the following are electro-magnetic in nature ? 
(a) infra-red rays. (b) ultra-violet rays. 
(d) a-rays. (e) B-rays. {f) y-rays. (g) wire 
(h) radar waves. (i) T.V. waves. 


TAR Which of the following can be deflected by magnetic 


(c) X-rays, 
less waves, 


(a) electrons. (b) neutrons. 
(d) alpha particles, 


(53) A cloud chamber 
(a) shows up any particle tracks. 
(b) shows up tracks of ionized particles only. 


(c) shows tracks which consist Primarily of ionized 
particles. S 


(d) shows tracks 
~ vapours. 


(c) hydrogen atoms, 
(e) sodium ions. 


which consist primarily of condensed 


(e) is used for the study of radioactive decay Processes, 

(54) Which of the following has the shortest wavelength ? 

[visible light, ultra-violet rays, gamma rays, i 

į >. 

_ (55) are emitted when the filament of a diode or trio, 
is heated and...... gets a +-ve charge. 


[protons, electrons, positr 
(56) When a metal is heated in a vacuum, “a pi 
(a) expands. (b) burns. (c) emits light 
(d) emits electrons, (e) emits alpha particles, pa 
Ml. TVick-Mark Test (i.e. Choose the Correct state 
(1) Number of 
identity of the atom. 


(2) Uranium (U23) is the basic fuel for a nucl 4 
plutonium (Pu?®) is an artificial fuel, clear reactor while- 


grid] 


menita) : 
protons in the nucleus exhibits the chemical 
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(3) Only 0°7% of U? is present in the natural uranium while 
-the rest is U?S. 


(4) By bombarding neutrons on U2%8, it can be converted into 
-fissionable plutonium 239. 


(5) In a nuclear reactor, its efficiency increases with the rise of 
temperature of the steam. 


(6) Atomic energy violates the law of conservation of energy. 


(7) Law of conservation of energy is violated by the electro- 
-magnetic induction. 


(8) Ina nuclear reactor, cadmium is used to absorb neutrons 
„and hence controls the reaction. 


(9) The screen in an iconoscope consists of many photo-electric 
„cells. 


(10) Light waves are reflected or refracted downwards by the 
ionosphere. 


(11) The better the vacuum of the tube and higher the applied 


voltage, the shorter in wavelength and more penetrating are the 
X-rays. 


(12) All isotopes of an clement have the same number of protons 
in the nuclei of their atoms. 


(13) An electron repels an electron, but it attracts a neutron. 


(14) Isotopes of a radioactive element are not always radio- 
active. 


15) Most heavy atoms have more neutrons. 


(16) The process of disintegration of radioactive elements cannot 
be hastened or delayed by physical or chemical means. 


(17) Neutrino is electrically neutral and its mass is negligibly 
small. ~ 


(18) All the a-particles emitted by a given radioactive substance 
are emitted with the same velocity. 


(19) -particles from a given radioactive source are emitted with 
different velocities, varying from zero to a certain maximum. 


(20) Radioactivity and fission are the same. 


(21) Radioactivity can never be induced in a stable nucleus. 
(22) Radioactivity can be artificially induced in a stable nucleus. 


(23) Radioactivity is a phenomenon associated with the decay of 
atoms. 


(24) Decay of a radioactive substance cannot be hastened or 
«delayed by physical or chemical means. 


(25) An electric bulb cannot be used as a thermionic valve. 
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(1) 


Matching Test : 


Column A 
Discoverer of 
activity. 
Discoverer 
fission. 
Discoverer of electron. 
Discoverer of proton. 
Discoverer of positron. 
Discoverer of neutron. 
A device by means of 
which light energy is 
converted into electrical 


radio- 


of nuclear 


energy. 

Natural radioactive 
element. 
Radio-isotopes are de- 
tected by 


Practical application of 
a discharge tube. 
During fission, chain- 
reaction is caused by 
Speed of the electron 
revolving in orbit 
around the nucleus of 
an atom. 
Speed of 
waves. 


wireless 


Column B 
(a) Lord Rutherford 


(b) J.J. Thomson and Milikan 


(c) Anderson 


(d) Strassman and Hahn 
(e) Chadwick 


(f) Madam Curie 


(g) electric eye or 
tric cell 

(h) 3x 107 metres/sec, 

(i) Radium 

(j) Gieger counter 

(k) 3x 108 metres/sec, 


(1) Neon signs 


(m) neutron 


photo- elec- 


Short-Answer Questions 


1. (a) What do you mean by an electric current? (b) What is 
the simplest way of getting such a current continuously (or what is œ 
cell) ? 
Ans. (a): It is the flow of electrons which constitutes an 
electric current. The strength of an electric current is measured by 
the rate of flow of charge along any path. 


(b) : When two conductors at different potentials are brought in 
metallic contact, the charge (or electrons) will start flowing in the 
connecting wire till both the conductors come at the same potential. 
But here, the electric current will be available for a very very small 
interval of time. Hence our choice falls upon a cell which is a 
device, method or arrangement to keep two conductors at different 
potentials even when they are externally connected and thus.a con- 
tinuous current is made available in the external circuit. 3 


2. What happens when two different conductors are brought im 
contact ? 


Ans. In this position, the free or conduction electrons (of 
outermost orbit) of one material diffuse into those of the other mate- 
rial. With the diffusion of electrons, there will be a . potential differ- 
ence (called contact potential) between the two conductors (e.g. voltaic 
pile). With the increase of contact, the rate of diffusion will increase 
and so P.D. will also be increased. 


3. How can the contact potential difference be explained in the 
case of a simple or voltaic cell ? 

Ans. The flow of electric current by a s 
developed by the contact potential difference. A Zn** goes into 
solution from the zinc rod. But H,SO, acid must remain electrically 
neutral ; so for cach Znt*, two H* leave the solution, by taking the 
elecrons from the copper rod and becoming hydrogen atoms. Hydro- 
gen atoms being neutral will rise to the top of the electrolyte as a gas. 
The deficiency of two electrons of copper will be compensated by 
zinc rod connected externally, causing thereby a steady flow of 
electric current through the wire from zinc to copper. 


4. There is no reaction between pure Zn and H,SO, But the 
reaction starts as soon as Cu and Zn plates of a simple cell are con- 
nected externally by a conducting wire. Why is it so ? 


: Ans. Contact potential between Cu and H,S0, is +0:46 volt 
while that between Zn and H,SO, is —0°62 volt. Evidently, in 2 


imple cell will be 
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ipped in a solution of H50, 
i here Cu and Zn rods are dipped in, S 
EE AN will attain as well as maintain their contact potentials. 


Here Cu is at higher potential and Zm a loner WEI, WEG 


MNS, 


Cu and Zn are connected externally by a wire, the |+ ve) charge 
starts flowing from Cu to Za in the external circuit and Za to Oo 
inside the cell so as to complete the electrical circuit. This will try 
to bring both Cu and Zr at the same potential, Bat these hare to, 
retain or maintain their contact potentials as long as they are ipped 
in H,SO,. This objective is achieved by instigating a chemical 
reaction between Zn and H,SO, as given below : 


Zn+H,SO,=ZnS80,- -42H+ 


ZnSO. ~ gives its negative charge to Zr rod and it itself settles 
down at the bottom of the cell while H* goes to Cu plate, delivers its 
-ve charge and bubbles out of the electrolyte. 


[Note : It is also now clear that the sow 
in a cell is the chemical reaction that takes pl 
plate and the electrolyte.] 


ree of electrical energy 
ace between the —ve 


5. Why is the jar of a Leclanche cell painted black near the top ? 

Ans. In the Leclanche cell, a saturated solution o 
chloride is used as an electrolyte. With the eva 
the surplus ammonium chloride deposits in the form of fine crystals 
on the walls of the cell. These crystals grow and show a tendency 
of creeping even to the outside of the cell. To prevent this creeping, 
the black pigment is used. 


of ammonium 
poration of water, 


6. Why is a Leclanchs cell so consistently used whenever an inter- 
mittent current is required ? 


Ans. It is due to two reasons : 


(?) When Zn reacts with ammonium chlori 
is also released. If the cell is used continuously, 
fill the whole room and will oust you. 


(ii) In this cell, the depolariser is MnO,* powder which cannot 
oxidise the hydrogen as fast as it is evolved. So hydrogen will force 
its way to carbon plate and a partial polarisation will set in when the 
cell is used for a long time and the voltage will drop. 

[Note : If the cell is allowed to rest for some time, depolarisa- 
tion is completed and the original E.M.F. is restored. It is for this 
reason that the light of a torch grows dim when put on for a long 
time but it begins to burn brightly when it is switched off for a short 
time and then switched on.] 


7. What is the purpose of mixing MnO, with graphite or carbon 
particles in a Leclanche cell ? 


de, ammonia gas 
this pungent gas will 


* MnO, oxidises hydrogen and is itself converted into MnO, which is 
Not an oxidising agent. After some time all the MnO, will be converted into 


Mn,0;. By the oxygen of atmosphere, MnO, keeps on being oxidised to MnO,, 
This is called auto-oxidation, 
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` Ans. MnO, is a solid and a bad conductor of electricity. The 
carbon or graphite particles make it conducting and hence the two 
are mixed together. 


8. What precautions should be observed for a Leclanche cell ? 


Ans. (i) Unless very heavy currents are required, the solution 
should not be saturated—otherwise there wil! be creeping of the salt 
up the sides of the jar and up the porous pot. To avoid creeping; 
coat the mouth of pot from inside. 


(ii) Loss of water by evaporation should be made up at regular 
intervals. 

(iii) The cell should be in a ventilated place because ammonia 
will cause metal terminals, if damp, to corride. 

(iv) Terminals should be coated with vaseline. 

9. Why can a Daniell cell be used in place of an accumulator ? 


Ans. An accumulator or battery or storage cell is a source of 
constant E.M.F. A Daniell cell also supplies a constant E.M.F. by 
removing two main defects (local action and polarisation) of a 
primary cell. Local action is removed through the use of a pure or 
an amalgamated zine rod. Polarisation is removed by passing hydro- 
gen through a saturated solution of CuSO, which consumes hydrogen 
(and replaces it by conducting Cw) as fast as it is evolved. There is 
a perforated shelf, near the top of the copper vessel, containing 
crystals of CuSO, to keep up the strength of the depolariser. 


10. Why is zine rod not allowed to remain in the acid when the 
Daniell cell is not in use ? 


: Ans. On account of diffusion, copper sulphate solution passes 
in through the pores of the porous pot. It reacts with zinc forming 
zinc sulphate and copper. These copper particles deposit on zinc 


plate and produce local action. Thus there would be a wastage of 
zinc. 


11. What is the cause of high internal resistance of a Daniell cell ? 
How can it be decreased ? 


Ans. Cause : Presence of the porous pot. 


Remedies : (i) Do away with the porous pot by floating the 
ZnSO, solution on top of the heavier Ow30, solution. (Such cells 
are called gravity cells). 


(ii) Use Zn in the form of a star so as to expose a large surface 


to the electrolyte and take Cu-electrode in the form of 3 plates 
riveted together at the centre so as to give a large surface. 


12. How will you test the polarity of a cell ? 


Ans. The polarity of a cell or the direction of the flow of 
current in a wire can be tested by SNOW Rule or Ampere’s Swimm- 
ing-man Rule. It can also be tested by taking two wires dipped in 


starch iodide solution. The anode will become blue due to the 
liberation of iodine. 
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13. Under what conditions can electric charges affect magnets ? 


Ans. (i) The electric charge should be in motion so that an 
electric current is set up which will produce its own magnetic field 5 
and 

(ii) The electric charge should not m 
length of the magnet. Maxi 
moves parallel to the magnet. 


14. Why do we set the coil of the tangent galvanometer in the 
magnetic meridian ? 


ove perpendicular to the 
mum effect will be when the charge 


Ans. Working of the t 


angent galv. is based on the Tangent 
Law, according to which 


Deflecting field F en 
Controlling field H 7 "n 


when F and H are at right angles to each other, 


Here H is the ear: 
tion and Fis d 


carrying coil, therefore the coi 
tion perpendicular to east-west, 


coil must be set in the magnetic 


15. How will you check whether the 
meter is in the magnetic meridian or not ? 


Ans. Pass the current in the galv. and note the deflection* of 
the needle. Now reverse the direction. of the current and again note’ 
the deflection. If both the deflections are equal, the coil is in the 
magnetic meridian otherwise not. ` 

16. What maxim 
galvanometer ? 


Ans. If C amperes be the current flow: 
of reduction factor K, so that a deflection 
compass needle, then 


meridian, 


coil of a Tangent Galvano- ` 


um current can be measured by a tangent 


ing in- a tangent galv. 
of ® is produced in the 


C = 10:K.tan 0 : 

, Since K is a constant for a given galv., the maximum value of 
© depends upon the maximum value of tan 8 which becomes infinite’ 
for 0=90°, Hence a tangent galv. can measure the strongest Possible’ 
currents upto infinity. s : 

7 Uh Why should the magnetic needle ofa ‘tinyent galvanometer be 
small ? i 


Ans. The working of a tangent galv. is based on the ! 
Law in which two uniform and coplanar 
act at right angles to each other. H 


Tarigent 
Magnetic fields: and. Zf 
» the horizontal! component off 
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the earth’s magnetic field, is uniform over a fairly wide area of ob- 
servation. But the field F produced by the electric current in the 
circular coil is non-uniform. It is fairly uniform over a small region 
round about the centre of the coil. Hence, If a short magnetic needle 
be placed at the centre, it can reasonably be assumed to move in a 
uniform field. This assumption will not obviously be justified if we 
use a long magnetic needle. 

_. [Note : But we cannot take a very smal] magnetic needle be- 
cause then the restoring couple M.H. sin 6 will become so small that 
the friction at the pivot will become predominant and the deflections. 
(Specially for weaker currents) will not be reliable.] 


18. The aluminium pointer has been fixed at right angles to the’ 


magnetic needle of a tangent galvuanometor. Can it not be fixed parallel 
to it ? 

Ans. The pointer can as well be fixed parallel to the needle, 
but in this position there will be one difficulty. In this case, while 
adjusting the coil in the magnetic meridian, the pointer will also 
fall below the coil when the eye is held vertically above it, and 
consequently there will be difficulty in the adjustment of the coil. 


19. Ina tangent galvanometer, the aluminium pointer is not 
flat just like a plane strip but its broad side is vertical. Is there any 
special reason for this ? 

Ans. Yes. The shape is specially advantageous in two ways : 


(i) The reading can be noted with greater accuracy on the 
scale on which the pointer’s tip moves. 


(ii) As the flat side of the pointer, when deflected, is subjected 
to greater resistance of air, it helps in damping the motion of the 
needle. In this instrument, damping due to air only is available, 
hence maximum advantage of air resistance is taken by imparting 
this shape to the pointer. 


20. Ina tangent galvanometer, how is a choice for using diffe- 
rent turns made ? 


Ans. The 2-turn coil is known as the ammeter coil and is used 
for measuring heavy currents. The 50-turn coilis used for currents 
of moderate strength. The 500-turn coilis known as the voltmeter 
coil and is used with weak currents. 


~. 21. Why should a solenoid tend to contract when a current passes 
through it ? 

Ans. According to the law of parallel currents, like parallel! 
currents attract and unlike parallel currents repel each other. There- 
fore, when current is passed through the coil of a solenoid, like para- 
Jel currents flow in its various turns which: start attracting one an- 
other. Asa result, the solenoid contracts. 


Saath The oe Principle is applied in Roget’s Vibrating., 
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22. A beam of electrons is travelling from east to west. In which 
direction is the current flowing? A magnetic field is now applied to; 
wards Zenith. To which direction will the beam be deflected ? 

Ans. The direction of flow of electrons is regarded as opposite 
to that of the conventional current which, in the given case, will 
flow from west to east. On applying a magnetic field towards Zenith 
(i.e. upwards), we see that the beam will deflect towards south by 
using Fleming’s Left-hand Rule. 


23. Why is the coil of a M.C. Galvanometer wound on an alumi- 
nium frame ? P 
Ans. When the metallic frame is deflected, magnetic flux 
changes and eddy currents are produced inside the frame. These 
currents produce a magnetic field which opposes the motion of the 
coil and quickly brings it to rest. This does not alter the final 
deflection but only makes it quick reading. [Such galvanometers are 
called ‘dead-beat’.] 
Use of light metal makes the galv. more sensitive. 
i [Note : Eddy currents in electromagnets will produce heat 
which can be minimised by using laminated iron cores insulated from 
one another by a thin coating of varnish.] i 


24. In a M.C. Galv., why is the magnetic field made radial ? 


Ans. The moment of the deflecting couple is equal to H.C.A.n 
when the plane of the coil always lies in the direction of the controll- 
ing magnetic field H. This will be so only when the field in-between 
the pole-pieces is radial. In this case only, the relation between the 
current and the deflection will be linear i.e. current will 'be directly 
proportional to the deflection and therefore the graduations on the 
scale will be equidistant. 


} 
25. What difficulty will you experience if the magnetic field in @ 
M.C. Galv. is not radial ? s 
Ans. If the field is not radial, the plane of the coil will not 
always be parallel to the field. In that case, if 0 be the angle of in- 
clination between the two, the moment of deflecting couple will be 
H.C.A.n. cos 0. Hence the relation between C and 8 will not be 
Jinear and the graduations on the scale can never be equidistant since 
cos 0 is not directly proportional to 0. ‘Moreover we do not measure 
the angle 0; we measure the deflection or displacement of the optical 
pointer with the help of a Lamp and Scale Arrangement. Obviously, 
if the field is parallel to the face of the coil at every instant, 6=0 for 
the coil and consequently cos 6=1. 5 
26. How is the magnetic field made radial in a MC. Galv. ? 


Ans. Radiality of the field is realised by (i) properly cutting 
the pole-pieces, and (ii) using a soft iron core within the coil. 

Pole-pieces cannot be flat. If the coil of the galv. is rectangular, 
the pole- pieces are cut ina concave cylindrical shape. In the case 
of circularly shaped coil, the pole-pieces are shaped spherical. 
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Soft iron core not only helps in making the field radial but ne 
n account of its high permeability, the field strength between the 
pole-pieces becomes maximum —thereby making the galv. more 
sensitive. ; : 
; 27. Why is phosphor-bronze alloy preferred for the suspension wire 
of a M.C. Galvanometer ? 4 #2 hee 
Ans. (i) It has great tensile strength so that even ifit is thin it 
will not break under the weight of the coil suspended to it. 
(ii) Its torsional couple per unit twist is small. Consequently the 
instrument is very sensitive. 
(tit) It is rust-resisting. Hence it remains unaffected by the 
weather conditions of air in which it is suspended. 
Í 28. Why is the suspension taken in the form of a strip in a M.C. 
Galvanometer ? 
Ans. The rectangular strip has a very small torsional rigidity 
and hence the twist for a given couple is much greater and the stress 
on the material much less than with a circular wire. 


Further, ja strip-type Suspension offers a comparatively large 
area for the dissipation of heat produced by the current. 


29. What should be the Properties of standard resistances ? 

Ans. (i) Permanence ; its value should not change with time, 

(ii) Negligible variation with temp. 

(šič) Robust construction and convenient size, 

(iv) Capacity for carrying current without overheating, 

(v) Very low inductance and self-capacitance, ` 

[Note : Ohm’s law does 
(transistors) or radio valves or for the passage of e 


gases or for conductors kept under tension or for 
in a strong magnetic field.] 


30. What is the significances of doubling the resistance wire before 


wrapping it round the bobbin in the coil of a resistance box ? 
Ans. This arrangement gives the effect of 


two coils placed 
side by side (round the bobbin K - Fig, 7-17), ia 


7 carrying currents in 
RSI Opposite directions, so that the 
°pposing induced current in one 
coil neutralises the Opposing in: 
duced Current through the other 
coil. The residual induced cur- 
rent is therefore zero, In other 
words, the main current “in the 
resistance coil remains constant. 
Hence the coi] always has a cons- 
tant resistance, [Thus this non- 
inductive winding of the resistance 
wires is very essential. ] ` 


SHORT-ANSWER QUESTIONS (CURRENT-ELECTRICITY) 359 


[Note : Ina resistance box when a particular plug isin, a very 
feeble current flows through the resistance wire and practically whole 
of the current flows through the brass blocks. The resistance of the 
wire is even then not included in the circuit because the wire and the 
brass resistance become in parallel and hence their effective resistance 
becomes less than the resistance of brass block even and therefore 
becomes negligibly small.] 

31. On a rheostat is written 2 amp. (CONT) and 2:5 amp. (INT). 
What do they mean? And why is this difference in the two values of 
these currents ? 

Ans. It means that this rheostat can carry 2 amperes constant 
current and 2'5 amperes intermittent current without undue over- 
heating or burning. 

Since the resistance wire is closely wound on a rheostat, the 
heat generated by the passage of electric current is not radiated at 
once but it gets accumulated. If the current is passed continuously 
through a rheostat, the heat will be conserved for a Jong time and 
the temp. of the rheostat coil may rise considerably—resulting in 
overheating or burning. i; 

However, if the current is used intermittently, heat does not 
accumulate -it is wholly or partly radiated during the time when no 
current is passing through the rheostat. Hence a higher current can 
be safely carried by the rheostat. 

32. A rheostat is generally used as a variable resistance. How 
can you use this as a potential divider ? 

Ans. In Fig. (7-18) is shown a rheostat. The two ends of its 
resistance coil are tied at the terminals 7’, T while the sliding contact 
P can move left or right on a thick 
metallic rod R. To use it as a variable 
resistance, it is put in serics in an 
electrical circuit with the help of its 
two terminals - 7’ (any one) and A. 

To use it asa potential divider, 
the whole of the input potential is 
applied to the end-terminals 7 and 
7, Since the wire of its resistance 
a oc ccl ste wine die aed 

3 1] om one end of the wire to th 
From this, a portion can be tapped for output by using th peu 
Aand T (any one of the two T, T). y g the terminals 


[Note : A rheostat should be kept a i 
. fi: w t d : 
instruments (like Tangent Galv., Kelvin's Mirak Gar wae Bee 
Galv.) which are likely to be disturbed by the magnetic. field as 
in the rheostat which acts like a solenoid.] toes 
33. What do you mean by the E.M.F. of a cell ? 
Ans. The difference of potential caused b the i i 
aking place inside a cell is called the E.M.F. of fect ee cae 


Fig. 7-18 
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to the P.D. between its poles when the cell is on open circuit mg z 
actually equal to the maximum P.D. which the cell is capable o 

generating. It is the E.M.F. which is responsible for maintaining a 
steady current in the external as well as in the internal circuit. 


The current which flows from the cathode to the anode inside 
the cell starts flowing against the P.D. between the electrodes, Work 
must be done to drive this current. The necessary energy for this 
purpose is supplied by the chemical action in the cell. „The cell, 
therefore, exerts a sort of force. This “force” due to chemical action 
is the E.M.F. The cell supplies a definite amount of energy to drive 


circuit only (complete external circuit or part of the external circuit). 
Difference between E.M.F. and P.D. is called Lost Volt, ie. the 
energy wasted inside the cell.] 
34. On what factors does the E.M.F. of a cell depend ? 
Ans, The E.M.F. of a cell depends upon : 
(i) the temperature ; 
(ii) the nature of the electrodes ; and 
(iit) the Concentration of the electrolyte. 
35. On what factors does the E.M.P, of a cell not depend ? 
Ans. The E.M.F. ofa cell does not depend upon : 


(i) the size of the cell; and 
(ii) the shape of the cell. 


36. What do you mean b 
what factors does it depend ? 


Ans. The resistance offered by the electrolyte of a cell is called 
_ its internal resistance. Tt depends upon: 
(i) the nature of the electrolyte ; 


(či) the distance between the 
of the electrolyte) ; and 


(iii) the cross-sectional area of its plates, 
Just as for a conductor, we have 


Y the internal resistance of a cell? On 


Plates of the cell (or the length 


: 3 engt 
Resistance= (Sp. resistance) x l De h 
cross-sectional area 
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Similarly for a cell, we can write : 
Internal resistance 
dist z 
= (nature of electrolyte) x istance between plates 
area of plates 


Thus for a given electrolyte, the internal resistance of a cell 
can be decreased by bringing the plates nearer and by increasing the 
size of plates. 


37. Why should the internal resistance of a cell be kept minimum ? 
Ans. `- E.M.F. —P.D.=current X internal resistance 
=lost volt 


Therefore, to decrease the wastage of electrical energy (known 
as its lost volt) inside a cell, we should decrease its internal resistance. 


38. Why is the internal resistance of a dry cell much less than 
that of a wet Leclanche cell ? 

Ans. It is due to two reasons: (i) there is no porous pot, and 
(ti) the negative plate (the zinc container) completely surrounds the 
positive plate, from which the current flows out radially in all direc- 
tions. 

[Note : Internal resistance increases with the age of the cell 
(i) owing to the drying up of the jelly and paste and (ii) also due to 
the incrustation of the zinc.] 


39. What is the essential difference between a primary and a 
secondary cell ? 


Ans. In a primary cell, chemical energy is converted into electri- 
cal energy and the chemical reactions which take place inside the 
cell are, in general, irreversible. Here the production of energy cannot 
be increased. 

In a secondary cell, the electrical energy is stored during elec- 
trolysis as potential energy of the ions which is converted into electri- 
cal energy when the current is drawn from the cell. In this case, 
the chemical reactions which take place inside the cell are reversible 
so that the cell with the same contents can be used over and over 
again. In the primary cell, the contents are replenished when they 
get exhausted. 


Moreover, froma secondary* cell, electrical energy can be 
obtained at any desired rate. 

40. What is the principle of a Secondary Cell ? 

Ans. When an elertric current is passed through a voltameter, 
the electrodes under certain conditions get polarised and a back 


E.M.F. is produced in it. This makes the voltameter capable of 
acting temporarily as a voltaic cell until the cause Producing pola- 


* It is portable and handy ; its efficiency is very high and internal resis- 
tance very low; it gives a constant and strong Current ; its condition can be 
judged from the density of its solution. 
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risation of the plates is removed and the plates regain their original 
condition. 


41. What is the significance of the word ‘secondary? used with 
secondary cells ? 3 

Ans. Actually, the chief function of these cells is not to supply 
electric current. If all the components are assembled, they shall 
not be capable of giving a current in the external circuit, unless, of 
course, these cells are first charged by connecting them to an external 
source. Thus, the primary or main function of these cells is to draw 
current, while to yield current later on is a secondary function: 


42. Why should the electrolyte of a lead accumulator be of highest 
purity ? 

Ans. Any metallic impurity in the acid is likely to be deposited 
on the plates and cause local action which consumes the plates with- 
out giving us any useful energy. An acidic impurity may dissolve the 
plates uselessly. Water used must also be freshly distilled; 


43. Why should not the electrolyte of a lead accumulator be too- 
strong or too dilute ? 


Ans. If the sulphuric acid is too strong, it tends to convert the 
plates into lead sulphate even when no current is being taken from it.. 
If the electrolyte is too dilute, the resistance is increased. This is likely 
to cause buckling or bending of the plates which might lead to short- 
circuiting. The life of the cell is thus shortended. 


44. How is the electrical capacity of an accumulator reckoned ? 


Ans. The capacity of an accumulator is measured in ampere- 
hours (A.H.). Each ampere-hour is the amount of electricity con- 
veyed by the current of l ampere in 1 hour. Thus an accumulator 
with a capacity of 40 A.H. will provide a steady current of 1 ampere 
for 40 hours, or a current of 2 amperes for 20 hours and so on. 
Evidently, the life of an accumulator can be considerably increased 
by drawing a low current from it. 


[Note : Two cells of the same E. 
due to their different ampere-hour 
larger A.H. capacity.] 


M.F. may be of different sizes 
capacities. The larger cell has 


45. (a) What is meant by an electrical “ 
is a cell said to be short-circuited ? 
is short-circuited ? 


Ans. (a) : An electrical short- 
flow of current is bypassed instead of 
the fuse because the external resis 
current will increase momentarily, 


al “short-circuit” ? (b) When 
What is the harm if an accumulator 


circuit is that circuit where the 
flowing normally. It -will blow 
tance will be reduced and the 
resulting in the break-down, 

(b) : A cell is said to be short- 
are joined by a (thick conducting) wire without any other resistance 
in the external circuit. By doing so 


b c the cell is overloaded, i.e. an ex- 
cessive current is drawn from an accumulator. For instance, if the 


circuited when its two terminals 


a 
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E.M.F. of the cell be 2 volts and its internal resistance be 0°01 ohm,, 
then, since the external! resistance is zero, the current drawn will be 
2/0°01=200 amperes. Such a huge current will give rise to enor- 
mous heating, resulting in the buckling of the plates, disintegration: 
and falling off of the active material. The capacity, efficiency and life 
of the cell are considerably reduced. If the electrodes are not spoiled, 
the cell has at least been completely discharged. 

46. How is the accumulator kept in a charged condition on a 
motor-car ? 

Ans, A dynamo or generator, driven by the engine, delivers 
current to the accumulator. Thus the current used in starting the 
engine by the use of the self-starter and in lighting the side, head and 
tail lamps is replaced. 

[Note : An automatic electro-magnetic switch placed in the 
circuit between the dynamo and the accumulator does not allow the 
current to flow from the accumulator. Therefore the dynamo does 
not rotate when the.dynamo is not charging the accumulator.] 

47. What is the function of making a wire “earth” ? 

Ans. It isa measure of protection. The current will pass 
away to the earth easily in the event of short-circuiting ; otherwise 
it will affect the human body in contact with an electrical instrument. 

48. (a) A bird sitting on a naked wire carrying current feels quite 
safe. (b) Will it make any difference to the bird, if the wire in-between 
his feet is cut and joined by a long loop of wire, say one kilometre long ? 
Give reasons. 

Ans. (a) : The electric current takes the path of least resistance.. 
In fact in a parallel circuit (i.e. shunt), more current passes through 
the smaller resistance and vice versa. The bird and the wire 
between his feet form two resistances in parallel. The feathery pads 
of the bird are poor conductors of electricity ; therefore more current 
passes through the wire and almost nil current passes through the 
body of the bird... The P.D. across its feet is negligible and the bird 
feels safe. 

(b) : When a long wire is introduced between the fect, its resis- 
tance becomes considerable and comparable to the resistance offered. 
by the body of the bird. More current will now pass through the 
bird and less through the wire. The P.D. between its feet will be 
considerable and the bird will experience a shock. 

49, Manganin has a high specific resistance while copper has a 
very low specific resistance. Yet a manganin shunt is preferred in an 
ammeter. Why vs it so? 5 

Ans. Use of copper* shunt is objectionable because copper has 


*For making connecting wires, pure copper is used because its sp? 
resistance is very low and heace it will offer negligibly small resistance to the 
flow of current. A small quantity of impurities greatly increases its resistance 
and lowers the conductivity of copper wire 

Connecting wires should be thick, short, straight and well insulate d, 
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aa high temp. coefficient of resistance. Consequently, when strong 
currents will flow through the copper shunt, its resistance will under- 
“go a change and thus the calibration of the ammeter will be altered. 
No such difficulty arises in the use of manganin which has an astoni- 
‘shingly smal] temp. coefficient of resistance. ? 


50. Why isan ammeter joined in series with the electrical circuit ? 

Ans. Any measuring instrument is connected in an electrical 
«circuit in such a way that it does not alter the current and/or P.D. of 
the circuit. An ammeter has a very low resistance [because a very low 
resistance shunt has been connected in parallel with the given galv. 
in order to convert this galv. into an ammeter]. Evidently, its 
‘(ammeter’s) inclusion in the circuit in series will not change the resis- 
tance of the circuit and hence the strength of the current (which is to 
be measured by the ammeter*) in its circuit will not change. 


51. Why is a voltmeter connected in parallel with the electrical 
sciroutt ? 

Ans. Any measuring instrument is connected in an electrical 
circuit in such a way that it does not alter the current and/or P.D. of 
the circuit. A volimeter has a very high resistance [because a very high 
‘resistance has been connected in series with the given galv. in order 
to convert the galv. into a voltmeter]. A voltmeter is used to measure 
P.D. betwcen any two points of the electrical circuit. Between these 
two points, the voltmeter must be connected in parallel so that it 
‘draws a very smal] current from the main circuit. Thus the strength 
‘of the current in the part of the circuit, for which P.D is to be measur- 


ed, remains fairly unaltered and hence the P.D. for this part of the 
circuit also remains nearly unchanged. 


52. How can you convert your ammeter into a milliammeter ? 


Aus. A milliammeter is a low range ammeter designed to read 
‘the thousandth part of an ampere. Evidently, the resistance of a 
milliammeter will be greater than that of an ammeter and hence to 


convert an ammeter into a milliammeter, the resistance of the shunt 
‘has to be increased. 


53. How can a voltmeter measure current in amperes and an 
ammeter P.D. in volts ? 


Ans. If we pass current through a stand 


ard resistance of 1 ohm 
‘and measure the P.D. across its ends b i 
y a voltmeter, then 
‘Ohm’s Law : 4 paree 


C=V/R=V/1=V 
Thus the value of P.D. is numerically equal to the current in 
amperes. Similarly the current through one ohm resistance is numeri- 
cally equal to the P.D. (in volts) between the two ends. 


‘ 54. Which do you think a better instr 


‘ument to measure cur = 
Ammeter or Tangent Galvanometer ? ce 


*An ideol ammeter should have zero resistance w 


_ Should have an infinite resistance so th pile ran ideal) voltmeter 


at they may not alter the main current. 
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Ans. Ammeter is a better instrument to measure current since 
it is more sensitive, reads the strength of current directly in amperes, 
i s dead beat, requires no adjustment, is not affected by external fields 
and gives same reading at all places. 

On the other hand, a Tan. Galv. is less sensitive, does not give 
current directly, is not dead-beat, requires setting and adjustment, is. 
affected by external fields (even by weak ones), and gives different 
readings at different places due to variation of H. 


55. Lf the ammeter was of M.C. type and the magnet in it became. 
weaker with time, what would be the effect on its readings ? 
Ans. Here the resistance of the galv. is not affected, neither- 


that of its shunt. Hence the current C flowing in the M.C. Galv. 
(converted into an ammeter by applying a shunt) remains same. But 


(py, 


a. 


Since L.H.S. is constant, its R.H.S. must also remain constant. 
Since only H in the denominator is decreasing, the deflection (@) of 
numerator must also decrease proportionately. 

56. Cana moving coil type ammeter measure an alternating, 
current ? If yes, how ? If not, why ? 

Ans. No. A moving coil type ammeter cannot measure A.C. 
This ammeter depends for its actionon the magnetic effect of cur- 
rents, and the direction of the magnetic field produced by the current 
flowing in the coil depends upon the direction of the current. In an, 
A.G., the direction of the current changes after each half cycle, so the 
direction of the field due to the coil and consequently its deflection 
shall undergo a change after each half cycle. The coil, however, can 
not follow the rapid oscillations of the alternating current, hence it 
will remain undeflected. 


[Note : (i) A.C. can be measured by a Hot-Wire Ammeter in. 
which the scale graduations can not be equidistant since the amount 
of heat produced is directly proportional to the square of the strength 
of the current. Thus the distance between consecutive graduations. 
will increase in the ratio of 1? : 23: 33...... OD EEUE SREST A 


(ii) Hot-Wire Ammeter can measure a D.C. also. 


(iii) Since the magnitude of A.C. is always changing, an amme- 
ter reads the Root Mean Square (R.M.S.) value of the current, which 
is known as a virlual ampere. Its value is 1/\/2 times the value of 


the maximum current.] 

57. Twocells with the same e.m.f. E and different internal., 
resistances 7, and r, are connected in series to an external resistance R. 
Under what condition can the P.D. at the terminals of the first cell be. 
zero ? 

Ans. The current C in the circuit is : 


C=2E/(R+r,+173) 


366 SHORT ANSWERS AND OBJECTIVE TYPE QUESTIONS IN PHYSICS 


E.M.F.—P.D.=(main current) x (internal resistance) 
P.D. at the terminals of the first cell is : 


Ein E(R+r- T1) 
=E- Cn E-2x t= Treen 
Now `r V,=0 
(R+r,—r,)=0 or Risa 


58. Under what conditions can the strength of current in a wire 


be same for connection in series and connection in parallel ofn identical , 


cells ? 

Ans. Let E be the e.m.f. of each cell, r be. the internal resis- 
tance of each cell, and R the external resistance of the wire. 

For connection in series, the current in the external circuit is : 


O=n.b/(R+n2)=2/( 2 +r ) 


For connection in parallel, we have 0,=E/ (r++) 
Obviously, if C,=C, 


Then ela Sat 3 or R=r 
n nu 


That is, the resistance of the wire equals the internal resistance 
of each cell, 


59. Why is Wheatstone bridge so called ? 

_ Ans. The principle of Wheatstone bridge was discovered by a 
scientist, Sir Charles Wheatstone. It is called a bridge because the 
galvanometer circuit forms a kind of bridge by connecting two points 
having the same potential which will be found when there is no 


deflection in the galvanometer. No electric current. flows along this 
bridge, just like no water flowing over the bridge of a river. 


60. Ina Wheatstone bridge (refer Fig. 7-12), P=Q and R>X. 
In what direction will the current flow. between B and D ? 

Ans. Positive pole of the cell is connected to 4 and the same 
fall of potential exists for ABC and ADC conductors. Since P=Q is 
given, so for balancing the bridge D should have been placed towards 
A so that R becomes equal to X and then B and D attain the same 
potentials. Since fall of potential is proportional to the length of the 


conductor, so D is at a potential higher than that of B. Evidently’ 
the ~-ve current will flow from D to B or the electrons will flow from 
-B to D. 


61. What do you mean by ‘End-error of a metre bridge? When 
is this error positive and when negative ? 


Ans. If the wire used is not exactly one metre long, then the 


scale may fall short of the wire at the ends or exceed its length. This 
is called ‘end-error’. 
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The ‘end-error’ is positive when the metre bridge wire extends 
beyond the last graduation of the scale and is negative if it is less than 
the extreme graduation of the scale. 


62. How can you increase the accuracy of your metre bridge ? 


Ans. If we could increase the length of the metre-bridge wire, 
then the accuracy will be considerably increased because the lengths 
in the ratio arms will be considerably increased. This is done by 
having two additional gaps adjacent to the bridge wire in which 
resistance of known multiples of the bridge wire (10 times or 100 
times) may be put - the effect of which will be to increase the effective 
length of the bridge wire. 


63. Why does a Metre Bridge give more accurate results than a 
P.O. Box ? 

Ans. In the case of a Metre* Bridge, we shall always get a 
null point (when galv. shows zero deflection) on the wire because a 
metre (=100 cm, =1000 mm.) long wire can be divided into two parts 
in any ratio—simple, complex or absurd. But ina P.O. Box, we 
may not get the null point at all for all the available ratios and hence 
the third decimal place of the unknown resistance is calculated by 
noting the deflections on both sides of the zero of the scale. Since it is 
easier to detect than to read a deflection, hence the choice goes in favour 
of a Metre Bridge. 

[Note : The instrument, called Post Office Box, was first of all 
used in Post Offices to find out the location where two telegraph 
wires (of known specific resistance) have got shorted with each other 
at an unknown distance, by measuring its resistance. ] 

| 64. In the Wheatstone Bridge method, why do we close the battery 
circuit first and then the galv. circuit ? 

Ans. This procedure is adopted in order to avoid self-induction 
in the galv. coil. If the glav. circuit is closed before the battery 
circuit, a temporary current is set up duc to self-induction and it flows 


through the glav. coil in the opposite direction to the main current 
—thus even at the balance point a momentary deflection will take 


place. 

65. In the Wheatstone Bridge method, why do we break the galv. 
circuit first and then the battery circuit ? 

Ans. While breaking the circuit, galv. key is released first and 
then the battery key. Because if the battery key is released first, indu- 
ced current at the break will produce a-kick in the galv. needle 
(according to Faraday’s Laws of Electro-magnetic Induction). This 
kick can sometimes break the galv. needle. 

66. Can we use an ammeter or a voltmeter in place of a galva- 
nometer in the Metre Bridge experiment ? 


*In the metre bridge, the galv. arm and the battery arm are conjugate 
‘since we can exchange their positions without disturbing the balance Point, 
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Ans. The metre bridge isa practical application of Wheat- 
stone bridge which is essentially a null method. In order to locate 
the position of the null point, we must get deflections (of the needle) 
on both sides of the zero on the scale. Since ammeter and voltmeter 


give only one-sided deflections, hence they cannot be used in place of 
a galvanometer. 


67. Can we use a Tan. Galv. for finding the position of null point 
in the metre bridge experiment ? 


Ans. No; it can not be used for the following reasons : 


(i) it is not very sensitive and therefore it cannot locate the 
exact position of the null point ; 


(ii) it is not dead-beat and so its needle keeps on oscillating for 
a long time before coming to rest ; 


(tit) it is affected by outside (even weak) magnetic fields or 
magnetic materials. 


68. Why is a Leclanche cell preferred to a secondary cell while: 
using a Metre Bridge ? 


Ans. Here we require current for a short time only in order 
to locate the balance point. Moreover, the Leclanche cell does not 
give strong current like the secondary cell. Hence the wire will not 
get heated and there will be no error on this account. 


69. Why should the balance point be near the middle. point of the: 
Metre Bridge wire ? - 


Ans. Let the balance point divide the one-metre long wire of 
a Metre Bridge in 


two parts, say J, and l, cm. (where J,+1,=100 cm); 
Since the wire i ` 


1 s of uniform diamster, therefore the ratio of their 
resistances P and @Q is given as 


P/Q=1,/l, RO 
In eq: (i), we have not taken into consideration the resistance 
of copper strips fixed at the ends of the wire. Although these copper . 
strips are thick, yet their resistance is not zero. Let the resistance of 
each copper strip be æ. Then we get 3 
Pa (resisiance of l cm. wire)-++-2x h (äi) 
Q (resistance of l, cm. wire) +e Za i iy 
But, if the balance point is at 50 cm. division, then 1,—1,. 
=50 cm. and 
R 


(resistance of 50 cm. wire) ta 4 a 
= - - = (iti) 
Q (resistance of 50 cm. wire) Fe ~ 1, 

Hence even without measuring the resistance x of copper strips, 
we are able to eliminate it and 


é t thus accuracy of the result increases 
when the balance point* is at (or near) 50 cm. division. 


“Balance point will be near one end of the wire for a very high unknown 


resistance. If unknown Tesistance is very small, say of the order of the resistance. 
of the thick copper strip or less, it cannot be determined, 
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70. What would happen if the experiment with a P.O. Box is 
started without introducing any resistance in the ratio arms ? 

Ans. Since (P+@Q)=0 while (R-X) resistance is joined in 
parallel to (P+-Q) resistance, hence according to the law of resis- 
tances in parallel, the effective resistance of the bridge will be zero. 
Thus the cell will be short-circuited. 


71. What are the least and the greatest resistances that can be 
measured by a P.O. Box ? 
Ans. We know that for the P.O. Box, 
7-4 or X=" R 
(a) For least value of X : 
minimum value of Q=10 ohms 
39 » 393, R= (ohm 
maximum ,,  ,, P=10+100+1000=1110 ohms 


10 l 
X=- X Le ohm. 


(b) For greatest value of X : 
maximum value of @=10+100+1000=1110 ohms. 
minimum ,, » P=10 ohms 
maximum ,,_,, RA(1+2+2+5+10+20+20-150 
+100+ 200+-200+-500+-1000 
+2000+2000+5000=11110 ohms 
xa x 11110=1233210 ohms. 
72. (a) Ina potentiometer, why do we connect the +ve of the 
battery ond the +ves of the two cells to one terminal ? (b) Can we connect 
all the three —ves at that terminal ? 


Ans. (a): This is done in order that the flow of current 
through the galvanometer due to battery can be opposed by the 
current due to E.M.F. of each of the two cells. Only then a balance 
point can be obtained. 


(b) : It makes no difference if all the three negatives are connec- 
ted together, because even in this case also the battery and each of 
the two cells will send currents through the galvanometer in Opposite 
directions. 


[Note : It is always better to get the balance point on the last 
wire of the potentiometer in order to. increase the accuracy in the 
measurement of lengths. Moreover, the greater length of the wire 
decreases its potential gradient (i.e. fall of potential per cm. length 
of the wire) which results in increasing the sensitiveness of the poten. 
tiometer. | 
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73. How is the balanc? point changed f a resistance is introduced 
in the (a) Primary circuit, (b) Secondary circuit of a potentiometer ? 

Ans. (a) : In this case, the potential gradient will decrease and 
hence a greater length will be required to balance the E.M.F. of the 
cell. 


(b) : No effect on the position of the balance point because at 
the balance or null point, no current flows through the cell. 


74. (a) What is the difference between B.M.F. and P.D. of a cell? 
(b) Which one of these do we measure by a potentiometer and (c) which 
one of these two terms is used in Ohms Law ? 


Ans. (a) For the difference between these two terms, see 0593 
above. 


(b) : We measure E.M.F. and not P.D. with a potentiometer 
because P.D. is measured on closed circuit while E.M.F. is measured 
on open circuit. At the balance point in the potentiometer, no current 


flows through the cell and the cell is therefore considered to be on 
open circuit. 


(e) : In Ohm’s Law, the term used is P.D. (and not E.M.F. 
because it does not send any current on open circuit of the cell) 
because P.D. depends upon the external resistance of the closed 
circuit. 

à [Note : A potentiometer is sometimes defined as a voltmeter of 
infinite resistance. However small be the current drawn by a volt- 
meter, the cell in this case can never be called on open circuit. For 
an exact measurement of E.M.F., the voltmeter should have an 
infinite resistance—a condition which is impossible to be achieved 
with an Instrument depending for its action or working on the mag- 
netic effect of currents (a voltmeter of infinite resistance will stop 
giving any reading). A potentiometer does this job very nicely even 
when the galvanometer shows zero deflection.] 

75. Why should the element 

carrying current remains cold ? 


Ans. We know by Joule’s Law 


directly proportional to the resistance of a conductor when the same 
current for the same interval of time flows through it. In the given 
case here, the same current flows through the element as well as 
through the cable for the same interva! of time. But nichrome (an 
alloy of nickel and chromium) is mostly used for the element of the 
heater. Its resistance is very high and hence heat produced will be 
more when a current passes through it. On the other hand, the 
feeding cables (or lead wires) hose resistance is E 


low and hence no product 
curs whe 
through them. n current flows 


of a heater get red-hot while the cable 


that the heat produced is 


are of copper w 
ion of heat oc 


76. How does an electric current produce heat ? 


Ans, The flow of electrons in a conductor ‘constitutes an 
electric current. When a P.D. is applied at the ends of the conductor, 
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these electrons begin to flow. These electrons have to pass through 
the inter-atomic spaces and in so doing experience some resistance, to 
‘overcome which they have to do work which appears in the form of 
heat in the conductor. 


_ 77. Two heating coils, one of fine wire and the other of thick 
wire, made of the same material and of the same length, are connected 


an series to a source of electricity. Which of the coils will produce 
more heat ? 4 


Which will produce more heat if the coils are connected in 
parallel ? 


Ans. We know that for a conductor, its 


length 


resistance= (sp. resistance) x z 5 
area of cross-section 


Since the two coils are of the same material and of the same 
length, therefore the thinner wire will have more resistance than the 
thicker wire. Also, heat produced is directly proportional to the 
resistance of wire, the time of flow of current and square of the 
‘current passing through it. 

(i) Im series, since the same current flows through both the 
wires tor the same interval, more heat will he produced in the thinner 
avire than in the thicker wire. 

(ii) In the parallel arrangement of coils, since the same P.D. 
will exist between their terminals, therefore by Joule’s Law, the heat 
produced 

A = C.V.t/42 calories 
or H œ C when F and ¢ are constant. 


More current flows through the thicker wire than the thinner 
‘one, because the currents flowing in the two wires will be in the in- 
verse ratio of their resistanees. Hence more heat will be produced. 
in the thicker wire. 


78. A constant P.D. is applied to the ends of a graphite ‘rod, 


. whose resistance decreases with the rise of temp. When will the amount 


of heat given off by the rod be greater : when it is bare, or when it is 
cov2red with asbestos ? 

Ans. From Joule’s Law, the amount of heat produced by the 
current in the rod when the P.D. applied to the ends of the rod'is 
constant will equal 

CV.t _ Vèt 
AOE NSD GR 

H will obviously be greater, the lower the resistance R Since 
asbestos slows down the giving up of heat to the surrounding atmos- 
phere, the rod will be hotter inside the asbestos. But R for graphite 
falls as the temp rises; therfore H will be greater when the rod is 
covered with asbestos. 


t 


i calories 
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79. A chain of lights is composed of 40 pocket-torch bulbs connec- 
ted in circuit and supplied from the town grid. After one bulb burns: 
itself out, the remaining 39 bulbs are again conn cted in series and plug- 


ged into the town grid. In which case will the room be more brightly lit,. 
when there are 40 bulbs or only 39 ? 


Ans. At a given P.D. at the ends of a circuit the power avail- 
‘able in the circuit equals V?/R, i.e. it is greater, the lower the 
‘resistance R, Consequently, ina circuit of 39 bulbs, whose total 
resistance is less than that of 40, a greater power will be available, 
*therefore the temp. of the heated filaments wil! be higher and they 


will give more light. So the room will be more brightly lit from the 
39 bulbs than from the 40. 


80. Two electric bulbs, made for 220 volis and 60 watts, one with 
a metal filament, the other with a carbon one, are connected in series: 


to a circuit of 220 volts. Which of the two filaments will incandensce 
more ? 


Ans. The carbon filament will incandensce more. The reason is 

_ that the resistances in carbon and metal filaments depend on temp. in 
different ways. The resistance of a carbon filament decreases with an 
increase in temp., while that of a metal filament increases. At normal 
“incandescence, both bulbs have identical resistances (since their 
` power is the same). Therefore when they are connected in series, 
they incandescence and therefore the temp. of both filaments will be 
“lower than normal—the resistance of the carbon filament will 
become greater than that of the metal filament. Thus the carbon 
filament incandensce more (since its fall of potential will be greater). 
81. Why does the bri 


ss j i ghtnees of an electric bulb decrease when an 
electric heater is smitched on in the circuit ? 3 


. „7 Ans. When an electric heater (or any other appliance) is. 
switched on in the circuit of an electric bulb, two resistances are 
brought in parallel. Since the same 


; g P.D. will exist between thej 
' terminals, then by Joule’s Law, the heat produced a 


H = C.V.t/4:2 calories, 


H œ C when V and t are constant. 
Since the main current C gets divided u i 
sa 2 
for the two paths, the electri C A E cy 


- Ca<C). Hence less he. . E 
é crease of its brightness, » resulting in de- 


82. The temp. of the filament of an electri i 
i oi ectric lamp is about g 
when it glows. Why is it not burnt up at such a high oe Ake 2700°C 
Ans. It is because there is no air or inside i 
i oxygen i R 
_ exhausted, while for combustion air or A R i E T ra 
prevent volatisation or evaporation of the metal of the fila: A E it 
(bulb) is filled with an inert gas like argon or helium. Th eae 
in the pressure of the inert gas on acco $ pa nercase 


3 3 A unt of increase in į 
raises the melting point of the filament material. in its. temp. also, 


or 
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[Note : Efficiency ofa lamp is increased if it has a coiled-coil 
filament. Quantity of light emitted by a straight filament is not 
sufficient. In coiled-coil lamps, the area of the filament is greatly 
increased which results in greater efficiency of this type of lamps.] 


83. What is the difference between an incandescent lamp and a 
mercury-vapour lamp ? 
Ans. In an incandescent lamp, electric current flows through its 


metallic filament which gets heated and glows. Any inert gas filled 
in it does not glow at all. 


In a mercury-vapour lamp, there is no solid metallic filament. 
It is rather filled with mercury vapours. The electric current passing 
through the vapours makes them glow and emit a bluish green light. 
Here, the consumption of electric power becomes half and hence such 
lamps are also called half-walt lamps. 


[Note : The mercury-vapour lamp also emits ultraviolet radia- 
tions. By coating the glass of the lamp with suitable fluorescent 
materials which absorb ultraviolet light and re-emit it as visible light, 
it is possible to obtain light which is nearly white.] 


84. (a) What is thermo-eleciric effect? (b) And how can you 
explain this ? 


Ans. (a) : When the two junctions of two dissimilar metals are 
maintained at diffèrent temps , an electric current begins to flow in 
the circuit. These currents are due to absorption of the heat energy 
and hence this phenomenon is known as thermo-electric effect or 
Seebeck- Effect. 


(b) : The concentration of electrons at the inter-face in the two 
materials is not the same, and this results in the transference of elec- 
trons from the metal of higher electronic concentration to the other 
with lower concentration. This gives rise to a contact difference of 
potential. When one junction is heated relatively to the other, the 
contact potential at the hot junction is more than that at the cold 
junction and this difference acts as the resultant E.M.F. which drives 
the current through the circuit. 


85. What is the direction of current in the thermocouple of copper 
and iron ? 

Ans. The current in this thermocouple flows from Copper to 
Iron through the Hot junction (Fig. 
7-19). 

[Note : To remember this : the 
symbol of copper is Cu and of iron 
is Fe, hence the combination is 
(Cu-Fe. Pronounce it as ‘Coffee’? and 
vou will like to take Hot Coffee. 
Hence, remember that the direction 
of current is from Cu to Fe through ` Fig. 7-19 
the Hot junction.] 
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86. What is the direction of current in the antimony bismuth 
combination of a thermocouple ? 


Ans. It is from antimony to bismuth through the cold junction, 
(Fig. 7-20). 


ANTIMONY ANTIMONy 


HEAT 
APPLIED COLD Ni 


BismuTH 


HEAT 
COLD EVOLVED 
BISMUTH. 


Fig, 7-20 


[Note : Remember the three letters ABC—in this A stands for 
Antimony, B stands for Bismuth and C stands for Cold. Thus, current 
flows from antimony to bismuth through the cold junction. ] 


87. Is there any change in the current when the temp. of the hot 
junction is continuously increased in a thermccouple ? 


Ans. Yes. If the temp. of the hot junction be continuously 
increased, the thermo-electric current generated in the thermocouple 
also increases until a maximum value is reached. After this, it begins. 


to decrease till it becomes zero, and after this temp. the current is 
“reversed, 


[Note : The temp. of hot junection, for maximum current is 
known as Neutral Temp. for that thermocouple, while the temp. 
at which the current reverses is called the Temp. of Inversion.] 

88. Is the phenomenon of thermo-B.M.F. a reversible effect ? 

Ans. Yes. If an electric curr 


ent be allowed to flow in a thermo- 
‘couple in the same direction in which thermoelectric current flows, 


then heat is absorbed at the hot junction and liberated at the cold 
junction. This phenomenon is known as the Peltier Effect. 


89. What ia the difference between the warmings due to the Peltier 
effect and the Joule’s heating effect ? 


Ans. The heating due to Joule effect de 
the current; consequently a reversal of th 
in a circuit has no effect on the } 


pends upon the square of 
e direction of the current 


-cat generated. That is to say, Joule 
effect is irreversible in nature. The Peltier effect, on the other hand, 


depends upon ihe direction of the current and a reversal of the 
current in the circuit reverses the effect from heating to cooling or 


from cooling to heating. That is to say, Peltier effect is reversible in | 
nature. 


90. What is Thomson Effect in a thermocouple ? 


Ans. When the two ends of a conductor are maintained at 
different temps., there is an E.M.F. acting between different parts. 
of the same conductor. This E.M.F. is due to a temp. gradient 
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existing along the conductor. This phenomenon is known as 
Thomson Effect. 


[Note : In lead, the Thomson Effect is zero. Lord William 
Thomson is the same man who is better known in Physics as Lord 
Kelvin.] 


91. Ina plug-type resistance box, why are the plugs and the 
blocks of the same muterial ? 


Ans. They are made of the same material (generally of brass) so 
that no thermo-E.M.F. may develop on account of change of temp. 
during an experiment. Also if they are of the same material, no 
change of temp. will occur due to the passage of the current through 
the plug-block system. 


92. Is there any difference in the mode of conduction of electricity 
through a liquid and that through a metallic wire ? 


Ans, Yes, there is a fundamental difference between the two | 
modes of conduction. In a metallic conductor, free electrons are 
present which begin to drift as soon as a P.D. is applied at its ends, 
but there is no movement of the material of which „the metallic wire 
is composed. There is no chemical change in the wire due to the 
current which, on the other hand, produces heat in it as wellasa 
magnetic field in its neighbourhood. 


In a liquid, charged particles—known as ions—are formed. As 
soon as an electric field is applied between the two electrodes, the 
oppositely charged ions begin to move in opposite directions, These 
ions then neutralise on reaching their respective electrodes. This 
process of conduction of electricity is really equivalent to a transfer of 
negative charge from the cathode to the anode. 


93. What are ions and how are they produced ? 


Ans. Wherever we dissolve a salt, e.g. sodium chloride, in 
water, it spontaneously dissociates into +vely and —vely charged 
particles, as Vat and Cl-. These electrically charged particles are 
known as ions. 

Now, sodium atom is neutral. It has one electron in its outer- 
most orbit. In the solution this electron is lost, hence the remainder 
atom is no longer neutral but exhibits a surplus +-ve charge. 
Similarly, the chlorine atom has one electron Jess (than the number 
actually required for saturation of the orbit) in the outer-most orbit. 
In solution, the neutral atom of chlorine takes up one more electron 
and converts itself in a —vely charged ion. 


94. What is the difference between an ion and an alom of an ele- 
ment? Give an example. 


Ans. There is a fundamental difference between an ion and an 
atom of an element. For instance, in the electrolysis of sodium chlo- 
ride, sodium ion does not react with water, whereas neutral sodium 
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atom reacts vigorously with water. In the electric field, the sodium 
ion drifts towards the cathode, strikes against it and picks up an 
electron from it. Thus, it is converted here ina neutral atom which 
then reacts with water near the electrode. 


[Note : The difference between an ion and an atom is also 
clear from the following : in the electrolysis of acidulated water, 
hydrogen is liberated at the negative electrode, but in the Leclanche cell it 
ts the positive electrode which polarises.] 


95. In electroplating*, gain on cathode equals the loss of weight 
by anode. But we always prefer to weigh the cathode, Why ? 
Ans. The anode m 


ay contain impurities which will also get 
detached when anode met 


al gets dissolved in the electrolyte. Hence 
the loss in weight of the anode will be more than the actual weight of 
the anode-metal dissolved. On the other hand, pure anode-metal from 
he electrolyte gets deposited on the cathode and not the impurities. 
+And hence the true weight of the metal deposited becomes known. 


96. If all liquids furnish ions on conduction of electricity 


through them, then what about mercury which docs not furnish any 
ions ? 


Ans. Mercury is a metal and as such it furnishes free electrons 
which are responsible for metallic conduction. So here conduction 
of electricity is not different from that in an ordinary wire. 

[Note : Distilled water is a bad cond 
no current passes through it 
into ions. For this pur 
salts also make water c 


uctor of electricity. Since 
» itcan not be decomposed or broken 


Pose, some H S0; is added to water. Soluble 
Oonducting. | 


97. A single Daniell cell cannot electrolyse water. Wh: 


y? 
Ans. The back E.M.F. ofa water voJtameter is |* +5 volts while 
the E.M.F. of a Daniell cell is o 


1 nly 1°08 volts. Hence a single Daniell 
cell will not be able to clectrolyse water, 

t 98. Tramlines re The overhead wire 
18 connected to the positive pole of the dynamo and the rails to the nega- 
tive pole. Why not the other way ab 


99. A straight permanent magnet falls thro h tal ri i 
the magnet fall with the accelera j a aeaa r A 


"Galvanized iron is prepared by electroplating iron with zinc. Anodizing 
means making the material to be electroplated a: 


lated as anode and then having a coatin 
of its own onide on it to protect it from corroding. ep E 
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«or opposes the motion of the magnet which causes the induced E.M.F. 
Therefore, the magnet’s fali will take place with an acceleration that 
is less than that of a free fall. 

[Note : No electro-magnetic induction will take place if a 
non-conducting ring is employed as it will not be able to change the 
magnetic lines of force.] 


100. What is a dead-beat galvanometer ? 


Ans. A dead-beat galvanometer is one whose coil does not 
keep on oscillating for a long time but comes to rest in the deflected 
position almost instantaneously. Similarly when the current is stop- 
ped, the coil returns to its initial position at once. 


101. How is a galvanometer made dead-beat ? 


Ans. A suspended coil type galv. is made dead-beat by winding 
the coil on a non-magnetic and light metallic frame usually made of 
aluminium. When the coil is deflected in a magnetic field, the 
metallic frame cuts magnetic lines of force and induced (eddy) 
-currents are set up in the frame. These currents, according to Lenz’s 
‘Law, oppose the motion of the coil, whose motion is thus damped 
cand it comes to the position of rest quickly. i 


102. When an electric motor running freely, is switched off, it is 
-some time before the armature comes to rest. Tf, after switching off, its 
terminals are shor'-circuited, the armature comes to rest much more 
quickly. How will you account for this ? 

Ans. When the armature continues to rotate in the magnetic 
field after switching off the current, induced-E.M.F. is produced in 
the armature. When the terminals of the armature are short-circuited, 
‘the induced E.M.F. sends the induced current in the armature. This 
current, according to Lenz’s Law, opposes the motion of the armature 
—thereby bringing the armature to rest much more quickly. 


[Note : Similarly we can answer the following : Why do the 
oscillations of a freely swinging M.C. Galv. quickly die away when its 
terminals are short-circuited ? ] 

103. How does Lenz’s Law follow from the law of conservation of 
energy ? 

Ans. According to the law of conservation of energy, induced 
current or E.M.F. cannot be produced unless some kind of energy is 
‘spent in one from or the order. 


Lenz’s Law states that the direction of the induced current is 
such that it opposes the very agency which created it. Thus when 
N-pole of a magent is brought near one end ofa closed coil, this 
face of the coil due to the flow of induced current becomes a N-pole 
.and thus opposes the motion of the approaching N-pole. Evidently, 
mechanical work has to be done against this force of repulsion 
‘between two N-poles. Similarly, on withdrawing N-pole, the nearer 
face of the coil on account of the induced current becomes a S-pole 
which opposes the withdrawal of the V-pole. Some mechanical work 
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has to be done against this force of attraction between opposite poles. 
It is this mechanical work that is converted into electrical energy 
which is neither created nor destroyed. Thus Lenz’s Law follows 
from the law of conservation of energy. 


104. What is the difference between an Induction Coil and a 
Transformer ? 


Ans. Induction Coil Transformer 
(i) It works with D.C. It works with A.C. 

(ti) It gives an intermittent It gives a continuous A.C. 
unidirectional (D.C.) 
current. 

(iii) It can only step-up the ap- It can be made as desired— 
plied voltage. step-up or step-down. 

(iv) It has a straight (soft-iron) It has a closed (soft-iron) 
core. core, resulting in greater 

efficiency. 


105. Why are some transformers very large and others small ? 


Ans. Although it is the number of turns which determines the 
Step-up of a transformer, a greater quantity (amperage) of current 
*equires thicker wire through which to flow without overheating. 

ence, the transformers handling many thousands of amperes are- 
both large and usually water- or oil-cooled. 


106. Why is a humming sound produced when a transformer is- 
placed on a sheet of iron ? = 


Ans. The rapidly increasing and decreasing magnetism of the 
core of transformer makes the iron sheet vibrate and a humming 
sound is heard. 


107. In a step-wp transformer, a high voltage is obtained by 
suppluing alow A.C. voltage. Does it not contradict. the principle of 
conservation of energy ? 


Ans. It does not contradict the Principle of conservation of 
energy. Let V, and FV, be the voltages and Cy and C, the curren's 
in the primary coil and secondary coil of a transformer. Since the 
current and voliage in any coil of a transformer are inversely pro- 
portional to each other, so 


V5.C,=V,.0, 
In the given time t, 
V.C5.t=V 4.C,.t 
or (wattage in P. coil) x t=(wattage in 9. coil) x¢ 
or input output 


108. Why are such enormously high A.C. voltages used in the over-- 
head grid electrical distribution systems ? 
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Ans. A.C. is used when long distances. have to be traversed 
by conductors, owing to the drop in voltage being so excessive under 
the same conditions with DC. For example, if a supply at 100 volts. 
were fed into a cable of equal cross section throughout its length of 
say, 100 km., possibly only 1 volt would be available at the far 
end of the cable. This could be overcome by proportionately 
increasing the cross-section of the cable as the distance from the 
supply increases but this would be both unwieldy and colossally 
expensive. 


To avoid this difficulty, A.C. at about 133000 volts is fed into 
the grid. And alter travelling at high voltage and proportionately low 
amperage (so that heat produced is also reduced) on its long journey 
through wires of moderate thickness, it is again rendered at the far 
end by transformers to 240 —480 volts for domestic use. 

109. Does the human body generate electricity ? 

Ans. Yes. The generation of electricity is one of the properties 
of a living cell inside the body. Due to the numerous chemical 
reactions taking place within the (human or animal) body, there 
exists always a P.D. between the interior of every living cell and the 
outside world. This current continually varies according to any’ 
injury of the living cell or to the action made. 

110. When wiring for lighting is instalicd in a house using A.C. 
from a three-phase circuit, two wires are used: ‘neutral and ‘phase’. 
lt is not allowed to fit fuse plugs to both wires ; fuse plug is put on only 
one, the ‘phase’ wire. Why ? 

Ans. If fuse plugs were put on both wires, overloading might 
cause the fuse to burn out on the neutral (or earth) wire, but not 
on the phase (or live) wire. Then the light would go out, but the 
whole wiring system would be under pressure relative to the earth. 
This wi | give a severe shock, if the wiring is handled carelessly. 

ALL. A condenser is used in (i) an A.C. circuit, (ti) a D.C. 
circuit. What will be the difference in its behaviour ? 

Aus. (i) : In an A.C. circuit containing a condenser, the 
current will be constantly flowing. Here in the first half cycle, the 
electrons are transferred from one coating of the condenser to the 
other and the condenser is charged. In the next half cycle, the E.M.F. 
changes sign, hence the electrons are re-transferred from the later 
coating to the former one and the condenser is now charged in the 
reverse direction. 5 

(ii) : In a D.C. circuit, there will be a momentary flow of 
charge, which will stop as soon the condenser is charged. Thus, 
there will be no continuous flow of current as in an A C. circuit. 

112. What do you understand by “Back E.M.F. of an El:ctric 
Motor” ? 

Ans. As the armature starts rotating within the poles of field- 
magnets of an electric motor, there is change in the magnetic flux 
traversing the armature and hence an induced E.MLF. is set up which 
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‘opposes (Lenz’s law) the applied"E.M.F. This is called the back 
E.M.F. of the motor and its strength goes on increasing as the speed 
of rotation of motor is increased till at a particular speed the back 
E.M.F. becomes nearly equal to the applied E.M.F. - so that the net 
current flowing through the armature coil is very small. 


[Note : (i) At the start when the current is switched on, there 
is no induced E.M.F. and hence if full voltage is applied at once, the 
large current flowing through the armature coils may burn them. 
That is why the starting switch of the motor offers a high re- 
sistance to the current in the beginning and this resistance is gradu- 


ally cut offas the motor gains speed. After this the induced back 
E.M F. keeps the net current low. 


(it) Efficiency of an electric motor is less than 100% on account 
of heat produced in the coil, friction between its movable parts and 
eddy currents produced in its soft iron armature.] 


113. How are two distinct messages sent through one Telegraph 
circuit in the same direction ? 


Ans. The instruments employed work only with currents in 
one given direction and for this purpose they are polarised or per- 
‘manently magnetised so that they respond to currents of a given 
direction electrically. By using two such polarised receiving relays, 
‘of opposite polarisation, two sets of signals sent with opposite polarity 
will be automatic 


y e au cally sorted out at the receiving end, neither conflict- 
ing with its fellow traveller. 


114. In a telephone receiver, wh 
‘permanent magnet ? 


Ans. It is done so as to correctly reproduce the frequency of the 
“signal coming from the transmitting station. 


ptt a soft iron core is used, the diaphragm of the receiver would 
vibrate with twice the frequency of the incoming signal. This will 
result in the increased shrillness which is most annoying to the 
‘listener. 
115. Why is earth not 
«done in telegraphy ? 


y are the coils wound around a 


used to complete the telephon: circuit as is 


___Ams. The reason is that the induced currents which make the 
‘diaphragm of the receiver vibrate are very weak and will be easily 
disturbed by other stray currents passin, 


i g through the earth or through 
“cables embedded in the earth and the receiver will give only noises, 
mot clear sounds. 


116. How is sound tranamitted over the telephone ? 


Aus. Upon lifting the telepone, 
both the transmitter and the receiver, The transmitter isa micro- 
phone with an aluminium diaphragm which vibrates in unison with 
the speaker’s voice. Attached to the diaphragm’s centre is a “button” 
filled with compressed carbon granules, - Vibrations of dig hragm 
vary the degree of compression causing the resistance of the anaes 
to fluctuate. Thus fluctuating currents are set up and these electrical 


an electric current flows in 
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reproductions of sound waves are conveyed by the line wires to the- 
distant listener, whose receiver contains a small electro-magnet which 
vibrates in sympathy with the pulsating currents and. converts them 
into sound. 


117. Why do not telephone currents moving simultaneously in 
opposite directions in the same line wires cancel each other? 


Ans. Ina telephone circuit, sound waves are converted into. 
fluctuating currents which flow in the line wires to reach the tele- 
phone receiver. Since the same line wires are simultaneously used. 
and telephone messages are carried in opposite directions, yet these 
currents are unable to cancel one another because these currents are 
polarised and flow in different planes inclined to one another. The 
polarised currents cannot interfere with one another unless they are: 
in the same plane. 


118. Why do the electrons constituting cathode rays not stop their- 
journey at the anode ? 

Ans. The greater the potential to which the anode is raised, 
the greater will be the speed of the electron stream. Consequently, 
with a sufficiently high anode potential, those electrons with the 
greatest speed will pass by the attractive field of the anode, and 
passing through the hole therein, travel in straight lines till they hit 
the prepared wall of the tube, being then visible as light or 
fluorescence. 

[Note : (i) Consisting of —vely charged electrons, the cathode 
rays are deflected by magnetic and electric fields. 

(ti) Stream of cathode rays can be focussed to a pencil of rays. 
by surrounding the emitting filament with a negatively charged metal 
cylinder. ] 


119. State the points of difference between X-rays and Cathode- 
rays ? 

Ans. (i) X-rays are electro-magnetic waves like light while- 
cathode rays are —vely charged particles. 

(ii) X-rays can not be deflected by electric and magnetic fields 
while cathode rays are deflected by both the fields. 

(itt) X-rays travel with the velocity of light while cathode rays 
travel with 1/!0th of the velocity of light. 

(iv) X-rays have a large penetrating power while cathode rays 
have no such power, 

120. If the tube of a neon-lamp is wiped, it can be seen to gleam. 
for a short period. Why ? 

Ans. For the gas in a neon lamp to shine, an electric field must 
be created on it. Asa result of the friction on the glass tube of the 
neon lamp, electric charges appear and their field causes a brief 
fluorescence of the lamp. 
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121. In radioactivity, of what does the disintegration of uranium 
consist ? 


Ans. When an individual atom of uranium disintegrates, an 
“alpha” particle consisting of helium nucleus is expelled with great 
energy of motion, and the remaining heavy atom is different in its 
properties from the original uranium atom, though it is still radio- 
active. A succession of spontaneous disintegrations takes place, during 
which cight alpha particles and six beta-particles are emitted, after 
which the originally unstable uranium atom becomes stable - being 
turned into an atom of lead. [For this process, about 6'5 million years 
would be required]. 


122. Explain the changes in the structure of an atom which result 
from the release or emission of (a) an electron, (b) an alpha-particle, 
(c) a beta-particle. 

Ans. (a) An electron carries one unit of nega ive charge and 
its mass is considered as zero. Number of orbital electrons equals the 
number of protons (each carrying a +ve charge equal in magnitude 
to that of an electron charge) in the nucleus whose remaining weight 
is completed by neutrons. For any element, its 

atomic number=no. of protons in its nucleus 


and atomic weight=no. of protons+-neutrons in its nucleus 

When an atom loses one of its orbital* electrons, its atomic 
‘number and atomic weight both remain same. But the atom as a 
‘whole stays +-vely charged. Soon it will capture an electron from 
‘somewhere and will once again become neutral. 


i (b) : Analpha-particle is a nucleus of a helium atem and 
lacks the two orbital electrons. Thus its weight is 4 units and it carries 
‘2 units of +ve charge as it has 2 protons. The particle is ejected from 
-a radioactive atom and will definitely change the nucleus of the 
‘remaining atom whose atomic number will be reduced by 2 and 
atomic weight by 4. Evidently, it will now have 2 extra orbital 
‘electrons. 


(c) A beta-particle is also ejected from ‘the nucleus. Its mass 
is zero and carries — ve charge equal to that of an electron. This 
will convert a neutron (9n*) into proton (1p?) as below : 

of =~ 189+ pt 

Thus the atomic weight of the nucleus** remains same but its 

atomic number is increased by 1. 


* A revolving electron in any orbit possesses a definite quantit 
€ of ener; 
and therefore these orbits are called ‘Energy Levels’. The farther an elecrroanl 
from ape nue cus) the greater is the energy associated with it. 
‘ucleons : Since in the structure of the atom, protons and ne: 

found only an the nucleus, they are called nucleons ee en ae 

Nuclide : Any particular nuclear species, distinguished by specific values 
et both atomic ember and plomie weight, is called a nuclide. Nuclides Ravine 

e same atomic number are called isotopes while those havi i 

weight are called isobars. PP arans BIDE 

‘Triton : The ;H8 isotope of hydrogen is called 


arag Je 
iti tritium” 
:a nucleus of a tritium atom. and a triton is 
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- 123. How will you justify the fact that beta-particles, which 
usually possess higher velocity but lower energy than alpha-particles, also 
possess a longer range of penetration in air than alpha-particles ? 


Ans. Mass of a beta-particle is 1/1836 of the mass of a proton 
while that of an alpha-particle equals the mass of 4 protons. Velocity 
of beta-particles is upto 99% of velocity of light while it is just from 
1% to 10% of the velocity of light for alpha-particles, Evidently, 
alpha- particles will possess greater kinetic energy. 


When an alpha-particle speeds through matter, it picks up and 
loses 2 electrons at a rapid rate. At each collision, some of its kinetic 
energy is used in ionizing the atom encountered while giving that 
same atom certain amount of kinetic energey. Since alpha-particles 
produce the greatest number of ions ina given path, they penetrate 
a smaller distance and therefore have a poor penetrating power. 


In a cloud chamber, we notice that the alpha-ray tracks are 
straight (Fig. 7-2l-a), whereas the beta-ray tracks are crooked 


(a) Fig. 7-21 (b) 


(Fig. 7-21-b). The beta-rays, being very light particles, are easily 
deflected by a collision, while the relatıvely heavy alpha-particles 
plough right through thousands of atoms with only an occasional 
deflection. 

Since the ionising power of beta-particles is very small, they do 
not lose their energy and hence penetrate through a greater distance. 

[Note : (i) Any type of clothing is a sufficient protection against 
a-rays. A thick closely woven garment absorbs a considerable part of 
B-rays. But y-rays have a very high penetrating power. But the 
strongest biological effect is produced by those rays that ionize most 
heavily. The most ionizing are %-rays, then come f-rays and last 
y-rays. (ii) Relative ionizing powers of these three types of rays are 
inversely proportional to their penetrating powers.] ‘ 


124. What happens when an atom carries an electric charge ? 


Ans. It behaves as though it has an extra weight. 
account of its velocity or K.E. 


125. What holds the protons and neutrons together in the nucleus 2 


It is on 
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Ans. The binding energy is due to the fact that the total mass. 
of the protons plus the total mass of the neutrons in the nucleus is. 
greater than the resultant mass of the nucleus. This loss in mass is. 
equivalent to an amount of liberated energy, which is just the 
amount of energy binding together the nucleus, 


126. What is nuclear fission ? 


Ans. It is a process of breaking (fission) the nucleus of a heavy 
atom with the help of neutrons. The difference in the masses of the 
parent nucleus and the sub-nuclei thus produced results in the libera- 


tion of a vast amount of energy. The material which can be-gplit 


is called fissionable material, e.g. U2, This is used in Uranium. 
bombs. 


Fission is done by bombarding slow-moving neutrons}on the 
nucleus of, e.g., U™5, Itsets free some of the neutrons whicrà were 
inside the nucleus. These neutrons now „again smash the nucleus 
ana chain-reaction occurs with a high speed inside the bomb material. 
This releases a very large amount of energy called nuclear energy. | 

[Note : For chain reaction, a critical mass of the fissionable- 
material is required,] 

127. Explain in w 
the chemical energy. 


Ans. When the nucleus of a heavy atom, e.g. uranium, disinte- 
grates, nuclear energy is liberated on account of conversion of mass. 
into energy, obeying Einstein’s' equation H=m.c* where E is the 
energy in ergs, m is the mass lost in grams andc is. the velocity of 
light (=3X10!) in cm./sec. Tremendous amount of energy is 
evolved when a chain reaction occurs and the effect becomes cumu- 


lative on the liberation of nuclear energy. Radioactive elements are 
used for this purpose. 


In the chemical energy, there is no chain reaction and no trans- 
formation of mass into energy. Hence it is not very large. The tota 
mass of the substance remains unchanged. Moreover, chemical energy. 
is liberated by all chemical reactions. 


128. What is an electron-volt ? 


i Ans. Electron-volt (abbreviated as eV) is the unit in which the 
energy of single atomic particles is measured. It is the energy acquir- 
ed by an electron in falling throngh a P.D. of 1 volt. 

[Note : (i) An electron with an ener 
of 580 km./sec. A proton with an energy of 1 
13'5 km./sec. since its mass is 1840 times that of the electron. 


(ii) When coal is burnt, the energy released per atom is about 
4eV. When uranium undergoes fission, the enery liberated is. 
stupendous—about 200 million eV (written as 200 M eV) per atom.. 
That is why uranium was utilised in atom bombs. Uranium is. 


found in nature. Ithas now been replaced by plutonium which is. 
artificially prepared from uranium. 


hat ways the nuclear energy is different from. 


gy of l eV hasa speed: 
eV has a speed of only 
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(iii) Quantum is the name given to a packet of radiant energy 
7 h.v y 
=hy joules= > 5x 10 10 eV where h is Planck’s constant and y is 
the frequency of the radiation. An alternative name usually used 
when light energy is being considered is photon.] 
129. How can the age of earth be determined ? S 
Ans. Itis possible to make an estimate of the age of earth’s 
crust by considering the rate at which radioactive elements break 
down into inert elements. A number of methods are now available, 
the most important being those based on the study of abundances of 
isotopes of lead and other elements. From the data obtained, esti- 
mates could be made of the following points on the time scale : 
(1) Age of earth’s crust=5300 million years. As a planet, 
earth has existed for several thousand million years. 
(2) Life emerged about 200 million years ago. 
a (3) First large scale occurrence of fossils=120 million years ago. 
we It is estimated that the earth is about 6,000,000,000 years old. 
S126 “Sun is likely to retain its present amount of energy for 
millions of years to come”. Comment upon this statement. 

Ans. Many theories have been put forward for the enormous 
output of energy by the sun : 

(a) Radioactive substances, like radium, in the sun disintegrate 
and give out the great amount of energy it throws out. 

(6) Changes are continuously taking place in the sun’s material, 
The sun, due to extremely high temp. in its interior, acts like a huge 
cyclotron smashing the hydrogen atoms which turn into helium with 
the release of enormous energy. And since the sun has lots of 
hydrogen in it, this process will go on for millions of years and hence 
the sun will keep its output of this energy. 

(c) A certain amount of heat must also be due to the contrac- 
tion of sun’s material, since the contraction of gases leads to rise in 
temp. 

All these factors share in maintaining this constant stream of 
radiant heat and light given out by the sun. 

131. What is the chief value of Applied Physics ? 

Ans. The chief value of Applied Physics stands for : 

i (a) putting science in the service of man ; 


(b) uplifting the standard of mankind by improving their 

living conditions ; and ; 

(c) making the life comfortable and easy-going. 

“Nothing is good or bad but thinking makes it so”. It is we who 
have used science more for the destructive side (i.e. war) than for 
the constructive side (i.e. peace). A little fire can help us in cook- 
ing food, protect us from the winter, etc. if used properly ; otherwise 
doth of the same fire can burn the whole house or the whole locality 
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in seconds. This all depends on us how we utilise the services of 


science. 


It is a good servant but a bad master. 


Conductance is the reciprocal of resistance. 

Coulometer is another name for a voltameter. 

Dosimeter is a device to measure total exposure to radio- 
active radiations, 

‘Dynamo is an electric generator in which electromagnet a 
fed with D.C. are employed to provide the magnetic field. 


Magneto is an electric generator in which permanent 
magnets are employed to provide the magnetic field. 


Resistor is another name for resistance (in reality for the 
resistance-offering conductor). 


Resistivity is another name for specific resistance. 
Toroid is a long solenoid wound on a ring. 


Answers 


CHAPTER I 


I. (1) Length, Mass and Time. (2) five 
(3) cm., ft., gm., Ib. and sec. (4) pitch 
(5) least count. (6) Pierre Vernier (7) small ; screw. 
(8) radius of curvature of spherical surfaces : 
(9) reciprocal (10) zero. (11) infinite. (12) zero. 


(13) matter and energy. (14) matter. 
(15) Diamond (16) Hydrogen — 
TI. (1) Metre rod. (2) Vernier Calipers. 
(3) Screw Gauge. (4) Spherometer (5) Burette. 
III. (1) molecule. (2) matter (3) surface tension. 
(4) adhesion. (6) cohesion. (6) ductile. 
(7) a (8) a (9) b (10) a 
AV. (I) f (Q)d (3) a (4) ¢ (5) e (6) b 
CHAPTER II 
I. (1) change ; position (2) rate ; change 
(3) rate ; change (4) magnitude ; direction. 
(5) zero. (6) uniform (7) velocity (8) acceleration 
(9) motion ; mass; velocity. (10) metres/sec® ; cm./sec? 
(11) zero. (12) 40 cm./sec. 
(13) retardation/deceleration (14) bus. 
Il. (1) ò (2)a (3)a (4) b (5) b, c (6) b 


(7) a (8) c (9) a (10) d (11) d (12) d (13) c 
AIL. (1), (3), (5), (6), (8), (10) and (11) are correct. 
CHAPTER III 


-I. (1) inclined to each other at an angle of 90°. 
(2) Parallelogram/Triangle of Velocities. 
(3) straight line ; parabola (4) equal to 
(5) Parallelogram Law or Triangle Law of Velocities. 
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(6) Polygon Law of Velocities. (7) v2+2.u.v cos 8 
v. sin 8 = 3 
(3) ao oT (9) Vut+v? (10) u. 
(11) 90° 
II. (1) 6b (2) b (3) ¢ (4) c (5) d (6) b 
(Vb (8a 
CHAPTER IV 
I. (1) backwards (2) forward 
(3) due to attraction of body (4) 32 
(5) newton. (6) Motta ; Move 
(7) force x time ; m (v—u). (8) 9°80 
(9) quantity of motion (19) inertia. 
Ii. (1) matter ; opposes any change. (2) Momentum ; motion.. 
(3) acceleration ; mass. (4) action ; equal ; reaction.. 
(5) definition (6) measured. (7) are 
(8) is (9) equal (10) easier (11) easy 
(12) 3rd (13) 3rd (14) vector (15) Ist 


O 0 Ga Lay e Oe 
(7) e (8) b (9)c° (10) (1) g (12) c¢ 
(13) d (14) a,b,c (15) a,b (16) d (17) b,c 
(18) @ (19) (20)c¢ (21)c¢ (22) c¢ 

TiVo (ie) ui(2ncy (Buds O (3)ee 


CHAPTER V 
I. (1) uniform ; variable (2) decreases. 


(4) tangentially to the grinding stone. 
(6) centripetal 


(3) centrifugal 
(5) inwards. 
(7) away from (8) towards 
Il. (I) c¢ (2) 0b (3) c (4) e (5) d (6) a 

MI. (2), (3), (5), (8), (11), (13) and (14) are correct. 


CHAPTER VI 


I. (1) gravity. (2) does not depend (3) g 
(4) its length (5) decreased. (6), decreases. 
(7) increase (8) 2 (9) more (10) simple pendulum. 
(11) physical ; spring (12) mass 


(12) earth (14) same or constant 
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Is. (1) attraction (2) product (3) square; their centres. 


(4) equal (5) larger (6) exactly equal (7) a 
(8) Copernicus (9) decrease (10) increase (11) increase 
(12) slow (13) y2 (14) fast (15) heavier 


MM. Ga (2)6 (3)b (Hd ()b,d ON 
(Ne (@8)afg (9) aec(10)d (11)d (12) be 
(13) ae (14) d (15) d (16)d  (17)b (18)đ 
IV. (Ibe (Qe (3)d (4) a (5) b 


CHAPTER VII 
I. (1) Erg (2) work ; M.K.S. (3) one (4) 746 


(5) position or distortion (6) motion (7) kinetic 
(8) potential (9) energy ; power. (10) 1000x 60 x 60 
(11) 9°8 (12) potential k (13) potential 

MI. (1) power. (2) work, eneagy. (3) momentum. 
(4) work. (5) Power (6) P.E. 
(7) remains constant (8) equal to 


(9) 125 ft. pdls. (10) 1960090 ergs. (11) b, d, 0, e, f, a 
aad (13)a (l4)e (15)d (16) d 


CHAPTER VIII 


I. (1) more (2) self ; force. (3) limiting friction. 
(4) normal reaction. 
(5) u (i.e. the coefficient of friction). 
(6) irregularities in the surfaces in contact. 


(7) lubricants. 
(8) the force of limiting friction to the normal reaction. 
(9) evil. (10) it opposes the motion. 


(11) area of the surfaces in contact; nature and physical 
states of the surfaces. 


(12) R (i.e. normal reaction) ; R. 
TI. (l) noindependent (2) less than (3) normal reaction 
(4) is independent of (5) directly (6) opposite 
(7) b (8) d, e;d, f; e9; f, g. 
(9) independent of (10) better (11) better (12) can not 


Im. (1) d (2) 9 (3) @ (4) b (5) c 
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CHAPTER IX 


I. (1) remains the same (2) translation. 


(3) rotation. (4) moment. 


(5) length of perpendicular drawn from the axis of rotatiom 
to the line of action of the force. 


(6) couple. 


(7) anticlockwise ; clockwise: 
(8) sum of clockwise 


moments=sum of anticlockwise: 
moments 
(9) equilibrium. (10) zero. (1 1) centre of gravity. 


(12) lowering (13) neutral 


II. (1) large. (2) lowered. (3) less easily. 
(4) forward. (5) outside (6) identical. 
(7) vector (8) within (9) outside 
mM. ()a (a (3)a (4)b (5) b (6) b 
Iv. 


(3), (4), (5), (6), (7), (8), (9), (10) and (11) are correct. 


CHAPTER X 
(1) load lifted or resistance overcome ; effort applied. 
(2) effort ; load. (3) output; input. (4) Velocity Ratio. 


S 2nR radius of wheel’ 
(5) greater (6) h (7) radius of axle 
2R 1 
(ORS a= (9) Zin OD (10) one 


(11) direction (12) distance or speed. (13) sensitive. 
(14) between the fulcrum and the effort. C5) yori 
I. (1) 1 (2) V.R. (3) more than (4) Ist (5) Zndi 
(6) 3rd (7) 2nd (8) Ist (9) 2nd (1C) 3rd: 
(11) 3rd (12) 3rd (13) easier G14) GF 
II. (2), (4), (6), (7), (8) and (9) are correct, 


CHAPTER XI 


I. (1) deforming forces (2) restoring (3) shearing straim 


(4) no (5) dyne/sq. cm. (6) dyne/sq. cm- 
(7) shearing stress (8) contract. (9) capillaries. 
(10) capillarity. (11) acts as a capillary tube. 

(12) capillaries (13) concave ; convex. 

(14) horizontal. (15) raised ; depressed. 


(16) zero. (17) cohesion ; adhesion. 
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(18) the molecules of water and glass ; the water molecules. 


(19) faster (20) vary 
II. (1) directly proportional (2) steel. 
F.L F pV 
(3) Al (4) a.b 6) v 
(6) decreases (7) decreases (8) depends 


WL (I)c (2)5 (3)a (40 ()c Oa 
(Ne (8)d (9)b (10)e@ (Il)e (12) b 


IV. (1) Elastic fatigue. (2) Yield point. 
(3) Permanent set. (4) Tensile strength. 
(5) Viscosity. (6) Streamline motion. 
(7) Turbulent motion. (8) Bernoulli’s Principle. 


CHAPTER XII 


I. (1) pressure. (2) depth ; quantity (3) normal 
(4) same (5) h3g. (6) artesian 
(7) upthrust. 
(8) its wt. is less than the wt. of the air displaced by it. 
(9) Principle of Transmission of Fluid Pressure. 
(10) area of pump plunger ; (radius of pump plunger)? 
(11) Hydrostatic paradox. (12) reach (13) above 
I. (1) lighter (2) lighter (3) rises higher. (4) more 


(5) lighter (6) thin (7) large (8) float, 
(9) need not be (10) is 
Im. (1) 6 (2) a (3)c¢ (4)¢ (5) 6 (6) b 


Iv. (1), (2), (3), (4), (5) and (6) are correct. 
CHAPTER XIII 


I. (1) atmospheric (2) Aneroid (3) 76 cm. of Hg. 
(4) more (5) Altimeter. 
(6) Torricellian vacuum. (7) increases 
(8) all constant temps. (9) one 
(10) measuring pressure of gases or vapours. (11) perfect 
II. (l) outwards ; inwards. (2) shorter (3) cannot 
(4) rain (5) does not affect 
(6) not affected (7) same (8) less 
(9) Delhi. (10) Aneroid 


m (ic .@4@ .8)b @Me 6)b. Gb 
Do (8)e e (10) b (lhe 
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IV. (2), (3), (5), (7) and (9) are correct. 
VE {GD (2) a (3) d (4) b (5) f (6) e 
CHAPTER XIV 
For this purpose, read “Concise Mechanics” thoroughly. 
CHAPTER XV 
I. (1) energy. (2) mechanical (or frictional) energy. (3) sun. 
(4) sun. © (5) earth. (6) sun. (7) nuclear 
(8) degree (9) temp. (10) higher ; lower temp. 
(11) 36:9 (12) Centigrade (13) cause-and-effect 
(14) a Maximum and Minimum Thermometer. 
(15) pure ice melts at 76 cm. pressure. 
(16) pure water boils at 76 cm. pressure. 
(17) the distance between its two fixed points is divided into 
100 (centi) degrees or equal parts. 
(18) it was divised by Fahrenheit. (19) fine; large 
(20) fundamental. 


II. (1) heat. (2) temp. (3) quality of heat. 
(4) cannot be (5) calorimeter. (6) as much as 
(7) —273°0. (8) —39°C. (9) — 130°C. (10) 35:7°C. 


(11) 78°C. (12) lower (13) lower (14) b (15) a 
(16) b (17) momentum (18) temp. remains same in all cases. 
ME (je @d (@)e Wa Gja 
4 CHAPTER XVI 


I. (1) expand ; contract (2) more (3) as much as 


(4) light (5) smaller (6) slow ; fast 
(7) 3 times (8) cold (9) hot 
(10) inverse (11) a compound bar, 
(12) different (13) same (14) less 
(15) 7 times more (16) 4°0. (17) 1/273. 
(18) less (19) zero. 


(20) 4°15 joules/gm./°C=1 calorie nearly, 
(21) 8°3 joules/gm. mol./°0=2 calories nearly. 


(22) 22°4 litres, (23) 1:293 
II. (1) increase. (2) b (3) second : 
(4) c (5) larger (6) less (7) increases 


(8) surface. (9) increases. (10) negative. 
(11) around the edges ; in the middle. (12) a 


(13) raised (14) loose (15) ideal 
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(16) gas (17) 100° or —173°C. 
(18) d (19) d (20) d 
mi. (1) f (2) @ (3) f (4) e 
(5) b (6) d (7) a (8) ¢ 
Iv. (lf (2) e (3) a (4) ¢ 
(5) b (6) d 


CHAPTER XVII 
T. (1) mass, sp. heat and temp. (2) mass, sp. heat and fall of temp. 
(3) calorie and kilocalorie. (4) B. Th. U. and therm. 


(5) 1 gm. water : 1°C. (6) 1000 Ib. water ; 100°F. 

(7) 1 gm.3 1°C (8) thermal capacity. 

(9) sp. heat (10) less (11) more 
(12) Bomb’s calorimeter. (13) kilocalorie and therm. 

(0.4) less (15) numerically equal 

(16) logarithmic spiral. 

WI. (1) 252 (2) c (3) conduction. (4) radiation. 

(5) c (6) high. (7) low. (8) ¢ (9) a 

(10) negative. (11) decreases (12) increases (13) X 
(14) same (15) rates of loss of heat (16) small. 
(17) @ (18) is not (19) A (20) D 

WIE. (1) Water equivalent. (2) Thermal capacity. 
(3) Solar constant. (4) Law of mixtures. 
(5) Calorimetry. (6) Hypsometry. j 


(7) Cooling constant. 
CHAPTER XVIII 
I. (1) Melting or fusion, and freezing or solidification. 
(2) Vaporisation, and condensation or liquefaction. 


(3) Sublimation. (4) Latent heat. 

(5) L.H. of fusion. (6) L.H. of vaporisation. 

(7) Regelation. (8) Freezing mixture. 

(9) Ice calorimeter. (10) Saturated vapours. 
(11) Saturated vapours. (12) Saturated vapours. 
(13) Evaporation. (14) Steam calorimeter. 
(15) Boiling point. 

II. (1) raised (2) lowered (3) raised 
(4) decreases. (5) increases (6) raised 
(7) vacuum pans (8) higher (9) decreases 

(10) high (11) zero. (12) 1670 


(13) 0091 (14) critical temp. 
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II. (1) lower (2) less readily (3) more difficult 
(4) water. (5) unlikely 

(7) increases 

(10) increases. 


(6) remains unaltered 
(8) decreases (9) lower than 

(11) less dense than 

(12) approximately. (13) approximately. (14) same 

(15) raise (16) does not cook (17) more 

(18) lower (19) a, c (20) higher than 


IV. (1) lce under pressure melts and refreezes on removing the: 
pressure. 


(2) Ice melts when subjected to pressure. 

(3) One gram of ice on melting decreases in volume by 0°091 
c.c. and requires 80 calories of heat. 

(4) Cooling is caused by evaporation. 

(5) Temp. of freezing mixture is lower than that of ice. 

(6) Cooling is caused by evaporation. 


(7) Boiling point of water (or any liquid) is raised by the in- 
crease of pressure. 


CHAPTER XIX 


I. (1) 1 cu. metre of air. (2) sat. vap. pressure at that temp. 
(3) R. H. ; A.H. (4) sat. vap. pressure at room temp. 
(5) just sufficient to saturate it. (6) room temp. 

(7) 100% nearly, (8) zero. (9) air or dust particles.. 
(10) fog. 


(11) frozen dew. 
(12) equals actual (unsaturated) vapour pressure at room temp. 


(13) equal to external (or atmospheric) pressure. 


II. (1) Hygrometer (2) less dense than 


(3) dryness 
(4) decreases (5) decreased. (6) retards 
(7) cloudy. (8) windy. (9) high. 
(10) conductors (11) near the ground. (12) raised! 
(13) not formed (14) low. 


(16) Wet 
(19) 35, 33°C. 
HI. Wrong statements are : (1), (2), (3) and (7). 


(15) increases 


(17) oppressed. (18) dew point. 


(1) Frost is formed by the freezing of water in the atmosp here. 
(2) Hail-stones are formed w 


, : hen the raindrops freeze. 
(3) Dew is readily formed when R H. of air is high 
(7) its pressure remains unchan : 


d e 
do not obey Boyle’s Law). i Se T 
IV. (1)c (@)b,d (3)bd (4) ae (5), a 
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CHAPTER XX 


I. (1) without 
(5) not required, 


(2) with 


(8) any—curved or straight ; straight 
(10) convection and radiation. 
(12) conduction, convection and radiation. 
(14) bad (15) poor (16) poor 
(18) poor (19) one. 


(3) affected. 
(6) slow ; fast (7) velocity of light. 
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(4) without 


(9) radiation.. 


(11) radiation.. 


(13) light. 
(17) good 


(20) good absorber 


(21) poor absorber (22) reflection, reflection and inverse square:. 


(23) black body. 


If. (1) radiation. (2) also radiates 


(4) quickly (5) greater (6) warmer 
(8) warmer than (9) no part. (10) liquids, 
(12) steady (13) diathermanous- 


(14) athermanous. (15) darker 


(17) white ; black (18) more 

(20) protect (21) faster 

(23) top (24d (25)d  (26)c 
II. (1) Davy (2) Searle 

(+) Forbe (5) Ingen-Hauz 

(7) Ritchie (8) Stefan 


IV. (1) Metals are good conductors of heat. 
(2, 5) Convection currents in water. 
(3, 6, 7) Convection currents in air. 
(4, 8, 9) Air is a poor conductor of heat. 


CHAPTER XXI 
I (1)42 (2) 778 (3) #2 107 
(5) (1004-536) x 4+2 joules 
(7) a heat engine. (8) decreased 
(10) entire block just 
II. (1) a form of energy. (2) external 
(4) greater than (5) two 
(7) explosion (8) compression 
(10) less than 


(3) will not burn. 


(7) can be 
(11) solids. 


(16) brighter 
(19) decreases 
(22) faster 
(27) away from: 
(3) Prevost 
(6) Draper 
(9) Newton 


(4) 100 x 4'2 joules: 
(6) an engine. 
(9) decreased 


(3) internal 
(6) flywheel 
(9) more than 


(11) condensing type ;.non-condensing type: 


(12) high (13) low (14) more 
(15) cheaper (16) c (17) d 
(18) a (ly) b (20) a (21) 6 


` 
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Ail. (1) Davy (2) Joule (3) Searle 
(4) Mayer (5) James Watt (6) Otto 
CHAPTER XXII 
I. (1) molecular vibration. (2) st. lines ; energy ; 3x 108 


(3) non-luminous ; luminous 
(4) light can pass and objects can be seen : light cannot pass. 
(5) part of light can pass. (6) eclipse. 

(7) umbra ; penumbra (8) v/u i (9) round. 
(10) intensity of illumination. (11) illuminating power. 
(12) (distance)? (13) Earth, Sun, Moon ; Moon, Sun 
(14) annular. (15) 2 (16) 5 
(17) 74 minutes. (18) 1 lumen (19) lumen. 

(20) sperm : $ Ib. ; $ inch ; 120 grains/hr. 
(21) physical © (22) distance. 
MI. (1) illuminated. (2) absolutely dark. 

(4) narrow (5) 4x 

(7) photometer. (8) picture. 

(10) no focussing (11) larger 
(13) longer (14) bend 
(16) gravitational pull 


(3) grease-spot 

(6) 4 

(9) of any shape. 
(12) never occur. 
(15) possesses 


CHAPTER XXIII 


A. (1) all; regular ; obeying the laws of reflection. 
(2) (a) image, object ; (b) image, object ; 
(c) virtual ; laterally inverted. 
(3) same ; polished (4) infinite. 
(5) twice ; plane mirror ; (a) sextant. 
(b) Lamp and Scale Arrangement. 


(6) Infinite (7) Kaleidoscope (8) Periscope 


6 
(9) n=, when 180° is exactly divisible by £8 ; and 
360 ama ace 
Wg 3 when 180° is not exactly divisible by 20 and 
leave fraction if any. 


(10) Parallax. (11) farther (12) half 
(13) Virtual ; diminished ; a convex mirror 


(14) aperture. (15) relative aperture. 
(16) converged ; diverged (17) half 
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(18) Virtual, erect and enlarged ; focus and pole 
(19) lateral inversion (20) focus ; centre of curvature. 


(21) focus. (22) concave (23) convex 
(.4) centre of curvature (25) 1. 
I. (1) +ve. (2) Concave (3) 5 
(4) infinite. (5) increases 16) +ve ; —ve. 
(7) pole. (8) 30°. (9) of his own size, 
(10) concave (11) 6 (12) 15 
(13) plane (14) different (15) possible 


II. (1), (2), (3), (4), (5), (6), (7)—all correct, 
CHAPTER XXIV 
I. (1) towards 
(A+Dm)/2 . vacuum. i. real 
(3) g A/2 * medium r> apparent 
(4) incidence ; refraction ; denser ; rarer 
(5) higher (6) towards ; 4+ D. 
(7) the position of minimum deviation. 
(8) Second Law of Refraction. 
(10) irregular refraction 
(12) white ; red 


(2) away from 


(9) lateral displacement. 
(11) twice its critical angle. 


Il. (1) a (2) thickness. (3) Ref. index 

(4) oke (3) critical angle. (6) glass to water, 
(7) a (8) d (9) A (10) depends. 
(11) towards (12). does not affect (13) equal 
(14) equal (15) a (16) decrease. 
(17) polar regions. (18) c (19) cannot 
(20) near, (21) ò (22) b 

III. 


(4) Newton’s Theory of Fits, 
(5) Total Internal Reflection. 
(7) Mirage. 
(9) Prism. 


(1) Rectilinear Propagation of Light. 
(3) Newton’s Corpuscular Theory of Light. 


(2) Refraction. 


(6) Erecting Prism. 


(8) Looming or Fata Morgana. 
(10) Principal Section. 


CHAPTER XXV 


I. (1) lentil seed. 


(5) Principal points (6) J 5z. ta: 


(2) Opitical centre (3) Focus (4) at infinity 


OE E 


u Tlie ae ip 
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Weelyte! 

8) S++ H. Pi HPHP 

C E aR 1+Pa+Pa+ 
1 


(9) dioptres ; 7 Ho; (10) —ve ; -ve. 
(11) real ; virtual (12) convex (13) virtual. 
TI. (1) F and lens. (2) equal (3) virtual 
(4) real and magnified (5) displacement 
(6) concave mirror and convex lens. 
(7) concave mirror and convex lens (8) spherical 


(9) chromatic 


(10) spot or plano convex lens or combination of concave and 
convex lenses. 


(11) convex ; concave ; plane glass. (12) —2 
(13). +40 (14) b 
WH. (1) Lateral Inversion. (2) Aperture. (3) Lens. 
(4) Principal Axis. (5) Conjugate Foci. 
(6) Parallax. (7) Power. 


CHAPTER XXVI 


I. (1) distant ; small (2) smaller ; larger. 
(3) larger ; smaller. (4) slide ; opaque 


(5) erect ; inverted (6) simple 


O ET oss image 
sesseee-object when held at the distance of distinct vision 
(8) towards (9) relative aperture. 
(10) Stereoscope (11) 25 cm. (12) sum 
(13) difference (14) greater 
TI. (1) contracts (2) expands (3) accommodation. 
(4) ciliary muscles. (5) myopia. (6) a,b 
(7) convex ; concave ; cylindrical (8) long ; short 
(9) a, b,c (10) a, b, ¢ (Ll) a, b, ¢ 
(12) b (13) slide. (14) increased 
(15) b (16) non-selective (17) ¢ 


TII. (1) Optical Instruments. (2) Microscopes, 
(3) Telescopes. (4) Epidiascope. (5) Yellow Spot. 
(6) Blind Spot. (7) Aqueous Humour. 
(8) Persistence of Vision. (9) Astigmatism. 
(10) Magnifying Power or Angular Magnification. 
(11) Normal Eye. (12) Depth of Focus, (13) Binoculars. 
(14) Periscope. (15) Sextant. 
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IV. All correct except (1), (4) and (WEE 
CHAPTER XXVII 


I. (1) seven; spectrum. (2) real ; virtual (3) pure 
(4) in the position of minimum deviation (5) Red ; violet 
(6) increase, (7) Spectrometer, 


(8) Direct-vision Spectroscope. 

(9) Atomic or Line 3 Molecular or Band 
(10) Helium ; dark 3 Fraunhofer ; Fraunhoffer ; 700 
(11) same (12) greater 
(13) Michelson 3 Octagonal Mirror Method : 22 miles. 


(14) face ; face 32 (15) transmits (16) ultra-violet, 


(17) black ; white, (18) ultraviolet waves (19) complementary 
(20) green ; red (21) reflected (22) yellow 
(23) green 
Il. (1) Roamer (2) disperse (3) collimator 
(4) continuous (5) line (6) bright 
(7) line (8) Continuous (9) absorptive 


(10) discontinuous (11) Refrangibility (12) infra-red 
(13) Violet ; red (14) not dispersed (15) White 


(16) Green (17) d (18) a, e 
(19) a, b (20) b (21) c 
(22) b (23) a (24) a 
(25) c (26) b 


HI. All correct. 


CHAPTER XXVIII 
1. (1) wave (2) longitudinal ; transverse. 
(3) Longitudinal (4) Transverse 
(5) cannot 3 a continuous material medium ; each particle 
(6) directly (7) À;t;t 
(8) (a) disp cement 3 (b) displacement 3 (c) Sine 
. (9) vibratory body 
(10) solids, liquids and gases 3 Solids and liquids 
(11) longitudinal 3 transverse 
(12) Compressions and rarefactions 3 Crests and t; 
(13) isothermal ; adiabatic (14) 0°61 
I (1) longitudinal (2) velocity 


roughs, 
(15) sound ranging. 
(3) quite different from 
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(4) wavelength. (5) faster ; faster (6) solids. 
(7) a (8) a (9)c (10) independent of 
(11) increases ; grater (12) better 
(13) does not change (14) hydrogen ; oxygen. 
(15) more (16) 20 to 20000 (17) 1/10 
(18) same (19) poor 
II. (l) to (7), and (9) and (10)—are correct. 
(8) wrong C~ Laplace modified Newton’s formula). 
CHAPTER XXIX 


. (1) Intensity, pitch, quality 
Ñ E RGIA distance and size of the source of sound, density 
of the medium and presence of resounding bodies. 


(3) frequency (4) no. of harmonics present in the note. 
(5) pitch. (6) a musical sound ; noise 

(7) low pitch ; high pitch. (8) decreases ; increases 

(9) increase (10) twice ; higher multiples. 
(11) more (12) loudness, faintness ; difference ; number 
(13) ten. 

I. (!)c {2) a, b, c (3) in concord ; in discord. 
(4) harmony ; melody (5) discord (6) a 
(7) Edison. (8) a 


(9) slanting ; opposite 


(10) louder (12) same as well as different 


(13) interval. 
III. Musical sounds : (3), (4), (7). 
Noises : (1), (2), (5), (6), (8). 
CHAPTER XXX 
I. (:), free; forced (2) Reflection 


(4) 17m3;34m. (5) more readily (6) Resonance 
(7) longitudinally. (8) five. 


(9) higher. 
(10) V/2l. (11) V/41. (12) even numbered. 
(13) odd numbered 
II. (1) and (4) to (11)—are correct, 
m. (1)d Qc (3)a (4) 9 
(5) f (6)b Te (8) } 
CHAPTER XXXI 


(2) fundamental tone, 
(3) maximum ; zero (4) minimum 
(5) antinode. 


(11) raises 


(3) without ; with 


I. (1) transverse. 


3; Maximum 
(6) nodes ; antinodes. (7) decreases:. 


— 
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(8) increases (9) increase 
(10) Jaws of vibrating strings ; stationary waves. 
(11) motion (12) fixed 
(13) mean ; maximum (14) at the same time 
(15) A/4 ; A/2. (16) stretched strings, (17) tension. 
(18) thinner (19) phonograph 


II. (1) wrong. (Fundamental tone is produced when a stretched 
wire is plucked from its centre). 


2) to (6) and 8 - all correct, 
(7) wrong. (Pitch or frequency does not depend upon amplitude) 


II. (1) Hydrophone. (2) Tuning Fork. 
(3) Resonance Apparatus. (4) Kundt’s Tube. 
5) Quincke’s Tube. (6) Sonometer. 


7) Melde’s Apparatus. (8) Phonograph. (9) Gramophone. 
CHAPTER XXXII 


I. (1) Lode stone ; an artificial (2) Magnesia 
(3) directive (4) attract ; repel (5) surer test 
(6) precedes (7) induction, (8) opposite ; same 
(9) magnetic axis ; magnetic meridian. 
(10) temporary ; soft iron. (11) permanent 
(12) complete magnet (13) directive ; attractive 
II. (1) equal (2) zero. (3) cannot 


(4) ferro-; para-; dia-magnetic 

(5) contract ; expand (6) neither attracted nor repelled 

(7) steel: soft iron (8) separate (9) cling together 
WT. (1) wrong, È. mag. length={ x (geom. length)]. 

(2) wrong. (towards North and South). 

(4) wrong. (from North pole to South pole). 

(3), and (5) to (8) —all correct. 


IV. (i) Magnetic substances are : steel, nickel, iron and manganese. 
(ti) The rest are non-magnetic substances, 
CHAPTER XXXIII 


I. (1) directly ; inversely (2) unit north pole (3) gauss ; oersted. 
(+) 1 cm. ; another equal and similar ; I dyne. 

(5) SN (6) NS (7) magnetic field. 

II. (1) Coulomb. (2) Oersted 

(3) Magnetic line of force 3 direction 


(4) decreases 
(5) remains same (6) 2M/x 


(7) vector ; vector (8) uniform 
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(9) weber. (10) 4 times (11) 4th 
(12) 8 times (13) equatorial (14) axial 
(15) attracts 
. (1) correct. 
= e correct. (Third pole at the centre is called a consequent pole) 
(3) correct. (On account of induction). . 
(4) wrong. (Parallel lines of force represent a uniform field). 
(5) wrong. (Magnetic moment increases with the length of the 


magnet). 
(6) correct. 
CHAPTER XXXIV 
I. (1) east-west ; parallel (2) north-south ; perpendicular 
(3) aluminium (4) unspun silk 
(5) .sum and difference 
Wl. (l)e (2) Null (3) Tan-A (4) east-west. 
(5) aluminium pointer (6) mag. needle. (7) 4 
(8) 4th (9) žsth (10) (11) allowed. 
(12) large. (13) zero. (14) slower 
TLO (2) d (3) } (4)a (5)c 
(6) b (7) j (8) f (9) g 


IV. (1) wrong. (‘. field strength is inversely proportional to the 
square of the distance). 


(2) to (6) —all correct. 
CHAPTER XXXV 
I. (1) south. (2) mag. elements (3) dip, declination and H. 
(4) geographical meridian and magnetic meridian. 
(5) resultant mag. intensity (R); horizontal component (H). 
(6) north pole (7) magnetic (8) aclinic 
(9) isoclinic ; isogonic ; isodynamic (10) agonic 


m. (1) Na (2) mag. map (3) Mag. storm 
(4) 90 (5) vertical (6) horizontal 
(7) mag. equator (8) d 


II. (2), (4) and (7) —correct. 
(1) wrong (~ H=R. cos $). 


(3) wrong (~ isogonic line is for the same declination or isoclinic 
line is for the same di 


p). 
(5) wrong (°." a mariner’s compass always remains horizontal 
due to gimbals). 


(6) wrong (It should be a stronger magnet). 
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CHAPTER XXXVI 


I. (1) here we deal with static or standing electricity. 


(2) charges ; equal ; opposite (3) Repulsion 
(4) —ve. (5) movement 
(6) +ve ; cat skin. (7) Conductors ; insulators 
(8) Induction (9) loss ; gain (10) Franklin 
TI. (1) Induction (2) induced ; inducing charge 
(3) same ; opposite (4) inducing (5) Charge ; outer 


un (1) wiong (°. 


(6) friction and induction, 

` charge resides only on the outer surface). 

(7) wrong (g is measured by a simple pendulum). 

(2) to (6), and (8) to (12) —are correct. 

(i) Conductors : water, human body, copper, gold, solution of 
common salt, mercury, carbon. 

(ti) The rest are insulators. 


CHAPTER XXXVII 


I. (1) Coulomb 3 his Torsion Balance. 


II. 


Or. 


(2) attraction ; repulsion ; directly ; product 3 inversely ; square 
of the distance 


(3) dielectric constant 3 one. (4) +ve ; —ve 
(5) contract ; expand (6) field intensity (7) q. F. 


(8) 1/300 ; 3 (9) 624x 1018 
(10) potential ; level ; pressure (11) higher ; lower 
(1) scalar ; vector (2) potential (3) zero 
(4) uniform. (5) 1 em. ; 1 dyne. (9) charge density. 
(7) potential (8) never (9) c (10) b 
All correct, 
CHAPTER XXXVIII 
I. (1) Charge/Potential (2) radius (3) KA/4zt 
(4) KIR.” (R—r)] (5) parallel-plate (6) 9x 101;10-6,10-1 
increases (8) solid dielectric. (9) loss 
(10) Farad 
Il. (1) to (5), and (9) —all correct, 
It. 


Dg Qs Ba Wh Gd (ec (b (8) e 
CHAPTER XXXIX 


I. (1) Benjamin Franklin 


(2) induction. (3) elec. energy. 
(4) lightning. 


(5) induction ; conduction, 
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Il. 


II. 


III. 


IV. 


a: 


11. 


Il. 


(6) Reverbrations or multiple echoes (7) leaks 

(8) protect (9) high (10) Leyden jars 
(1) electrons. (2) rises (3) induced 

(4) lost. (5) opposite (6) cannot 

(7) Van de Graaff’s generator. (8) with 


(1) wrong (~ we should stand away from the tree lest it 
may be used as a lightning conductor) 


(2) to (8) —all correct. * 
CHAPTER XL 

(1) an intermittent 3 a constant (2) MnO, 

(3) CuSO, solution. (4) NH,Cl solution ; dil. H,SO,. 

(5) cells. (6) highest ; lowest 

(7) electrical ; chemical ; chemical ; electrical 

(8) 2-2 volts ; 1'8 volts (9) parallel ; series 

(10) Cu ; Zn ; dil. H,80,. 


(1) Chemical energy (2) Leclanche ; Daniell 

(4) low (4) Leclanche ; wet. 

(5) 1°55 1*1 ; 1:08 ; 2°2 ; 1-90 (6) greater 
(7) Smee’s (8) electrodes. (9) b 


(1), (2), (3), (6), (7) and (8)—are correct, 


(4) wrong ('.* it contains wet paste of NH,Cl electrolyte), 
(5 


wrong (°." a strong current is produced by a dynamo). 
(1), (2), (3), (4), (5), (6) and (10) —Primary cells. 

(7) and (9) — Secondary cells. 

(8) Standard cell. 


CHAPTER XLI 
(1) Oersted. (2) circular 


(3) current oc tangent of the angle of deflection, 


Ar A 
(4) Oa (5) in the magnetic meridian 
Ps ae setting (7) Moving Magnet Galvanometer. 
8) 1 


(9) high ; low 
(10) parallel ; series (11) increased (12) attract 
(13) Roget. (14) Barlow’s wheel. 

(1) low ; parallel (2) high ; scries 
(4) south (5) perpendicular 
(6) field ; current ; motion of the conductor. 

(7) d (8) a (9) a (10) a (11) b (12) c (13) d (14) a 
(1) to (10)—all correct, 


(3) perpendicular 
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CHAPTER XLII 


I. (1) 1 ampere. (2) Specific resistance 
(3) Ohm ; ohmxcm. 3; mho (4) rheostat 
(5) open circuit. (6) series. (7) decreases 
(8) increases (9) potentiometer 
(10) ratio arms (11) more 
IE. (1) opposes or decreases (2) zero ; infinite 
a 37d (4) less (5) decreases (6) decreases 
(7) closed (8) d (9) d (10) ò 
(11) b (12) ¢ (13) thin, (14) increase 
(15) decrease (16) increases (17) ¢ 
(18) ohm x cm (19) decreases ; increases 
(20) b (21) greater (22) increased (23) increase 
(24) ce (25) infinite. (26) less (27) 1 
(28) ziy (29) a (30) P.O. Box (31) c (32) c 
(33) c (34) ¢ (35) less (36) c 


HI. (2), (3), (6) to (11), (15) to (17) and (19)—are correct. 
(1) wrong (+. current is due to the flow of electrons only) 
(4) wrong (+. 1 ohm= 109 €.m.u. of resistance), 
(5) wrong (> 1 ohm=9x 104 e.s.u. of resistance), 
(12) wrong (+.* resistance will be high for a thin wire). 
(13) wrong (x Sp. resistance will be same for a thin as well a: or 
a thick wire), 
(14) wrong (+. Sp. resistance will be same as it does not depend 
upon the length of wire). 
(18) wrong ( E.M.F. of a cell remains constant). 
FV. (1) c (2) d (3) f (4) e (5) a (6) b 


CHAPTER XLIII 


I. (1) Square ; resistance ; time (2) Tungsten ; carbon filament. 


(3) better (4) Amperes x Volts. (5) greater 
(6) more (7) low ; an alloy of tin and lead. 
(8) Three (9) Constantan or manganin ; nichrome 
(10) thermopile. (11) combination ; thermocouples. 
(12) more ; increases. (13) thermocouple 
u. (1) ar (2) two 


(3) converting heat energy into electrical energy, 
(4) parallel 3 parallel (5) measuring radiant energy, 
(6) 12 (7) b (8) Thomas Edison ; Seebeck 
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(9) increases (10) 25 (il) b (12) a 
(13) d (14) a (15)¢ (16) c (17) parallel ; series. 
(18) dangerous (9) a (20) b (21) b 
(22) Inert (23) less 


CHAPTER XLIV 
I. (1) Electrolysis ; direct [D.C] 
(2) anode ; cathode (4) Anions ; —vely 
(4) Cations ; --vely (5) metal ions ; non-metal 


(6) electro-chemical equivalent. (7) 0:00001036 gm./coulomb, 
(8) E.G.E. of Ha 


(9) dil. HpSO, of S.G.=1-215. (10) Carbon 

II. (1) Electroplating as well as electrotyping 
(2) metals (3) metals. (4) cathode (5) Faraday.. 
(6) platinum (7) carbon. (8) d (9) cations. 
(10) cations. (l1) anions. (12) anions. (13) —vely. 
(14) +vely (15) 96470 (16) gm./amp./sec. (17) a,c, d 
(18) c (19) ampere x hours. 

Hil. (1) , (4) and (7) —are correct. 
(2) wrong (~ E.M.F. is measured by a potentiometer). 
(3) wrong (P.D. is measured by a voltmeter), 
(5) wrong ('.* Carbon grains should be closely packed), 


(6) wrong ('* Both types of current can 
lytes). 


pass through electro- 


CHAPTER XLV 


I. (1) production and duration ; strength ; direction 


(2) attract ; repel (3) less (4) Unidirectional 
(5) voltage ; amperage. (6) more (7) direct 
(8) alternate (9) Alternate 


(10) Slip or separate rings ; split rings 

(12) armature, 
II. (1) Faraday. 

(4) energy. 


(11) Armature 
(13) telegraph (14) parallel 
(2) Faraday’s (3) Lenz’s 
(5) Right-hand ; Left-hand 


(6) c,d, e (7) b (8) 22000 (9) Faraday. 
(10) Ruhmkorff. 


(11) Straight ; closed one (which includes circular and rect- 


angular cores) 
(12) ¢ (13) b ` (14) c (15) 5 (16) d 
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(17) c (18) Graham Bell ; Morse (19) Two ; one 
(20) c (21) c (22) unequidistant (23) b, d, e 
(24) a (25) ¢ (26) a 


II. (1) to (3), (7) to (12), (14) to (17)—are correct. 
(4) wrong (*." Core of a transformer must be of soft iron), 
(5) wrong (+. We obtain a unidirectional current), 


(6) wrong (°. D.C. is passed in the primary coil of an Induc- 


tion Coil while a transformer works with A.C, 
only) 


(13) wrong (-.* Commutator converts A.C, into D.C.). 


CHAPTER XLVI 


I. (1) 30000 (2) 9000 
(3) 100 cm. ; 5 cm. (4) Dark discharge 
(5) +-ve column. (6) Faraday’s Dark Space 


(7) Grooke’s Dark Space (8) 10-3 to 1074 mm. of Hg. 
(9) green (10) mercury vapours, 

(11) fast moving electrons ; 10° to 1010 cm./sec. 

(12) deflected : as well as (13) cathode rays ; high 

(14) as waves 3 no ; light (15) living cells. 

(16) «, B and Y rays (17) +-vely ; —vely ; not 


(18) electro-magnetic radiations ; fast moving electrons 


5 
Helium nuclei. 


(19) alpha rays. (20) neutrino, 
(21) Protons ; neutrons ; electrons, 
(22) 2, 6, 18, 32u (23) Isotopes 
(24) Isobars or Isomers (25) nuclear fission 
(26) Radioactivity (27) produce 
(28) Radioactive (29) neutron 
(30) neutron. (31) Atom bomb 
(32) Atomic reactor (33) Breeder reactor 

I. (1) positive or canal (2) cathode A 
(3) st. lines (4) DC. (5) b, c 
(6) D.C. (7) wave form (8) equal to 
Oa ` a obey (11) a (12) d 
(13) b (14) a (15) ¢ 


(16) invisible (17) decreases (18) d 


(19) more 
(20) liberate 


(21) less ; more 3 Not at all 
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(22) b (23) a - oa eaa (26)c (27) a 
(28) d (29) a (30) @ (31) d (32) ¢ (33) b 
(34) a,d (35) e (36) b (37) ad (38) ¢ ~(39)¢ 
(40) d (41) d (42) a (43) d, g (44) a,b (45) b 
(46) a,b (47) d (48) b (49) c (50) a 

(51) a, b, c, f, 9, h, % (52) a, d, e (53) b, d, e 

(54) gamma rays (55) Electrons ; plate (56) a, c, d 


Il. (7), (13), (20), (21) and (23)—are wrong. 
The rest are correct. 

Iv. (1) f (2) 4 (3) b (4) a (5) c 
(6) e (7) 9 (8) j (9) & (10) m. 
(11) n (12) hy (13) l 


ae 
“O Litrary 


